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Chapter 3 focuses on nutritional outcome measures for children aged six months to 
five years from 188 households. Nine models are estimated using several estimation 
strategies for boys and girls: three-stage least squares, OLS, logistic regression, and 
seemingly unrelated regression to explain variations in several nutritional outcome 
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1.1 The situation in Vietnam 
Vietnam has demonstrated significant economic growth after the “Doi Moi” (or the 
renovation) initiated in 1986. The number of people living below the national poverty 
line had declined from 18 per cent in 2004 to 11 per cent in 2012 (GSO 2012). During 
this time, the extent of undernourishment in the Vietnamese population also fell from 14 
per cent in 2004 to eight per cent in 2012 (von Grebmer et al. 2014). There were also 
significant reductions in the prevalence of stunting of children under five (from 43% in 
2000 down to 25% in 2015) and in underweight among children under five (from 27% in 
2000 to 14% in 2015) (Chaparro et al. 2014; NIN 2015; NIN & UNICEF 2011). 
Interestingly, Vietnam is the only developing country in Asia (including India) with a 
steady rise in vegetable availability per capita (Johnson et al. 2009).  
Nevertheless, the positive impact of economic development differs between urban and 
rural areas, by regions, and across ethnic groups (Epprecht et al. 2009; GSO 2012; NIN 
2015; NIN & UNICEF 2011). For instance, 14 per cent of households in the rural areas 
are poor while only four per cent of households in urban areas were impoverished in 2012 
(GSO 2012). By region, poverty rates and the prevalence of undernutrition are highest in 
the Northern Midland and Mountainous areas, the North Central and Central Coastal 
areas, and the Central Highlands where ethnic minority communities are geographically 
concentrated, compared to the other regions that have major cities (e.g. Red River Delta 
and South East) (GSO 2012; NIN 2015).  
Past nutritional programs focused on the implementation of nutrition-specific 
interventions. They significantly reduced undernutrition rates in the country but failed to 
meet targets due to declining financial support from the national and local governments 
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for these activities, and the poor nutritional knowledge of mothers and household 
members, among other reasons (Socialist Republic of Vietnam 2012).  
One way to lessen the financial burden of nutrition programs is to promote agriculture, 
animal husbandry and other existing production systems in locations with high 
proportions of these vulnerable groups (poor, undernourished. and ethnic minorities) 
(Alderman et al. 2013). Bhutta et al. (2013) estimated that if populations can access and 
scale-up a set of ten evidence-based nutrition-specific approaches, with 90 per cent 
coverage of the population in need, stunting of children under five could be reduced by 
20 per cent. The remaining 80 per cent could come from multi-sectoral, nutrition-sensitive 
programs and policies; for instance, putting in place agricultural interventions, social 
safety nets, and improving women’s social status and empowerment in agriculture (Ruel 
et al. 2013). By doing so, the Government of Vietnam could save possibly one-half of the 
100 billion VND1 per year (Socialist Republic of Vietnam 2012) it spends on nutrition-
specific interventions.  
1.2 The role of agriculture in nutrition 
Agriculture is linked with nutrition in several ways. For one, it provides households with 
diverse foods, either through market purchases or, in the case of some farming 
households, through their own food production. Agriculture is also the main income 
source for three-fourths of the world’s poor in the rural areas where undernutrition2 
persists (Ravallion et al. 2007). Therefore, tapping and maximising the contribution of 
agriculture to nutrition is crucial. Investing in and improving the dietary quality of 
smallholder farmers in rural areas can improve their well-being, overall productivity, 
                                                 
1 Vietnamese Dong  
2 See definition in Sec 1.7.1 
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income and, possibly, their nutritional status. ‘Nutrition-sensitive agriculture’ is an 
approach that tries to tackle the underlying cause of undernutrition, in this case the lack 
of physical and/or economic access to food, and it attempts to enhance the coverage and 
effectiveness of nutrition-specific interventions (Alderman et al. 2013; Ruel et al. 2013).  
Alderman et al. (2013) identified several pathways through which agriculture can 
improve nutrition: increasing nutrient-dense food production for households that produce 
their own food by diversifying crops and ensuring year-round food access; promoting 
market engagement; and empowering women through targeted agricultural interventions, 
which can improve diets and micronutrient status. Many studies have found some 
correlation between these factors. In Uganda, for instance, women who are engaged in 
small-scale fruit and vegetable production have a 12 per cent higher intake of fruit and 
vegetables and have higher haemoglobin levels of between 0.14 to 0.15 grams per 
decilitre than non-producer peers (Kabunga et al. 2014). Crop diversification through an 
integrated home garden (horticulture, aquaculture and animal husbandry) in Vietnam also 
positively increased the intake of energy, iron, vitamin A, and protein among children in 
intervention households (English & Badcock 1998). For low- and middle-income 
countries, the diversity of their agricultural production correlates with the diversity of 
food available for consumption (Fanzo et al. 2014). This means that countries like 
Vietnam should find a balance between allowing large-scale production of its top 
agricultural exports without compromising diverse domestic agricultural production for 
domestic consumers.  
A systematic review of the effects of selected agricultural interventions (for instance, 
vegetable home gardens, small-scale fish production and aquaculture, animal husbandry, 
poultry development, dairy development, irrigation, mixed livestock/gardening, cash 
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cropping, among others) on young children and women in low-income countries has also 
shown improvements in household consumption levels, dietary diversity, and intakes of 
certain micronutrient-rich foods (particularly vitamin A) when nutrition education, 
gender and nutritional objectives are explicitly stated. Literature reviews by Berti et al. 
(2004), Girard et al. (2012), Kawarazuka and Bene (2010), Leroy and Frongillo (2007), 
and Masset et al. (2012), showed that home garden programs increased the consumption 
of fruits and vegetables, aquaculture and small fisheries interventions increased the 
consumption of fish, and dairy development increased the consumption of milk. Girard 
et al. (2012) also found that home gardens with animal production led to positive dietary 
improvements, for instance, improved dietary diversity scores and vitamin A intakes for 
both women and young children. However, the effect on stunting has been inconclusive 
because impact assessments were conducted shortly after interventions had taken place. 
Most interventions were aimed at reducing immediate, short-term undernutrition 
(underweight and wasting) rather than chronic undernutrition (stunting) (Masset et al. 
2012). Similarly, it is also possible that certain projects, which only target increasing 
women’s time spent in agricultural production without considering childcare for instance, 
improve food availability and dietary quality at the expense of child welfare, leading to 
poor growth, anaemia or morbidity (Berti et al. 2004). Hence, significant improvements 
in the methodological rigor and assessment of future food-based interventions, to 
strengthen causality and attribution, are suggested due to the poor methodological designs 
and lack of statistical power of existing studies (Girard et al. 2012; Leroy & Frongillo 
2007; Masset et al. 2012; Ruel 2001; Webb 2013)3. 
                                                 
3 Ruel et al. (2013) and Webb (2013) reviewed these systematic reviews, and concluded that 
while most of the homestead food production programs were not significantly effective in 
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1.3 Research gaps 
Globally, ethnic minorities (also known as indigenous peoples’ groups) have been shown 
to have a higher prevalence of noncommunicable diseases and poorer health outcomes, 
compared to the rest of the population (Damman 2005; Einsiedel et al. 2013; Montenegro 
& Stephens 2006; Murphy et al. 1997; Schulz & Chaudhari 2015; Teufel-Shone et al. 
2015). Therefore, dietary assessment is the first step to effectively implement any type of 
health interventions among these populations.  
Many dietary assessment studies have been conducted in Vietnam, either using 
primary or secondary data, or with an emphasis on certain groups or geographical 
locations. For instance, several studies have used representative samples from the 
Vietnam Household Living Standard Survey (VHLSS) to examine household calorie and 
macro- and micronutrient intakes during specific time periods (Dien et al. 2004; Hoang 
2009; Hoang 2018; Mishra & Ray 2009; Thang & Popkin 2004). Other studies have 
conducted consumption studies that look at the consumption patterns in Hanoi’s urban 
and peri-urban areas (e.g. Ali et al. 2006; Hoang 2018).  
Several dietary quality studies have also measured the dietary diversity and/or 
micronutrient adequacy of certain groups, such as women of reproductive age, infants 
and/or young children (Nguyen, PH et al. 2013a; Nguyen et al. 2014; Nguyen, PH et al. 
2013b), and the potential impact of food fortification vehicles (rice, fish/soy sauce, 
micronutrient- fortified instant flour, food complement containing amylases, and fortified 
biscuits) (Laillou et al. 2012a; Laillou et al. 2012b; Laillou et al. 2012c; Nga et al. 2009; 
Pham et al. 2012; Van Hoan et al. 2009). 
                                                 
improving child and maternal nutritional status (stunting, micronutrient intakes) with the 
possible exception of vitamin A, this was largely due to poor study designs and lack of 
methodological rigor. The weak and mixed results do not indicate zero positive impacts, but 
weak attribution of results to interventions.  
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However, no previous study has investigated the dietary quality of ethnic minority 
communities in remote rural areas of Vietnam, including Lao Cai province. In addition, 
none has explored the relationship of dietary quality and diet-related nutritional 
outcomes4 with household production of nutrient-rich vegetables as well as related factors 
like market access and market participation, socioeconomic status, education, women’s 
empowerment, and food choice motives. These other factors may mediate the relationship 
between vegetable production and nutritional improvements as explicitly discussed in Sec 
1.8.  
Preschool children, schoolchildren, and adolescents are especially vulnerable to 
undernutrition, as their requirements for energy and nutrient-dense food are high to fully 
maximize their physical growth potential during these dynamic formative periods 
(DiMeglio 2000; Ochola & Masibo 2014; WHO 2002). Vegetable consumption is, 
therefore, a practical and sustainable way to tackle undernutrition because it is one of the 
nutrient-dense foods, and vegetables are readily available in the province (see Sec 1.9).  
1.4 Aims/Objectives of the study 
This study aims to add to the literature on dietary quality and nutritional outcomes of 
smallholder households producing vegetables. Specifically, we empirically examine the 
role that smallholder vegetable production plays in the dietary quality and nutritional 
outcomes of preschool, schoolchildren, and adolescents from ethnic minority 
communities in Lao Cai province, Vietnam. 
                                                 
4 Diet-related nutritional outcomes pertain to changes in the height and body composition of an 
individual. The effect of undernutrition on children under five years of age may either be low 
height in relation to age (stunting) or low weight in relation to height (wasting); for older 
children and adults, it may manifest through low body mass index. See Sec 1.7.1 for more 
details.  
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Three specific research questions are proposed, which are addressed by the three main 
analytical chapters (Chapters 2 to 4):  
1. What is the relationship between smallholder vegetable production and the dietary 
quality of preschool, schoolchildren, and adolescents? What other factors are also 
key determinants of improved dietary quality? 
2. What is the relationship between smallholder vegetable production and nutritional 
outcomes of children under five years old? What other factors are also key 
determinants of better child nutritional outcomes? 
3. What are the factors motivating food choices of the main food decision-makers in 
smallholder households? Can we find unique segments with similar factors 
motivating their food choices, and develop profiles of these segments to allow 
targeted nutrition programs to improve nutritional outcomes, particularly of young 
children? 
1.5 Significance/Contribution to the discipline 
Overall, this research adds to the body of literature that assesses the link between 
production, consumption, and nutrition using rigorous and statistically sound 
methodologies. This body of work also validates the importance of smallholder vegetable 
production (regardless of farm scale) and engagement with markets in improving dietary 
intake, and as a means of reducing undernutrition in Lao Cai province in the long run. 
Lastly, from a policy perspective, this can inform the Government of Vietnam in 
combining approaches that focus not only on nutrition-specific interventions but also on 
ones that are more sustainable and resource-efficient. This means capitalizing on the 
27 
 
existing farm production systems and using them to address the province’s nutritional 
problems. 
1.6 Building the case for Lao Cai province 
Lao Cai province, in the Northern Midlands and Mountainous region of Vietnam, is a 
temperate, vegetable-producing region. In 2016, its total vegetable output was 128,617 
tons from 11,732 hectares (Lao Cai Statistics Office 2017) compared to the country’s 14.9 
million tons produced from 1.0 million hectares (FAOSTAT 2018). It is an ideal research 
location because: (1) it is among the poorest provinces in Vietnam, with 22 per cent of its 
population below the poverty line (Lao Cai Statistics Office 2017); (2) it has one of the 
country’s highest rates of stunting and underweight among children under five; (3) it is 
home to various ethnic minority communities, many of whom are considered among the 
most vulnerable groups in the country; (4) it is one of the country’s vegetable-producing 
areas, and farming is the main livelihood; (5) it has relatively low fruit and vegetable 
consumption per capita; and (6) government programs have already been implemented in 
the province, attempting to overcome nutrition issues, aimed mainly at iron, vitamin A, 
and iodine deficiency (Chaparro et al. 2014).  
In the province, nearly one-third of children under five years experience stunting and 
one-fifth being underweight, due to insufficient household food security (caused by 
poverty) and inadequate maternal and child care (NIN 2015; NIN & UNICEF 2011). 
These measurements are considered effective approximations of the nutritional status of 
the population (FAO et al. 2013). Likewise, the prevalence of anaemia among children 
under five and pregnant women in the region are the highest in the country at 35 per cent 
and 46 per cent, respectively (NIN & UNICEF 2011). The prevalence of stunting and 
underweight decreased by 50 per cent between 2001 and 2011 due to the implementation 
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of several programs outlined in the National Nutrition Strategy 2001-2010 (Socialist 
Republic of Vietnam 2012). However, progress remains slow. It therefore requires a 
different approach; one that considers examining agricultural production and its role in 
meeting adequate dietary intake, and, consequently, addressing childhood undernutrition.  
The main ethnic minority groups are the Mong (22%), the Tay (16%), the Dao (14%), 
the Giay (5%), and the Nung (4%) (Lao Cai People's Committee 2016). A study by 
Epprecht et al. (2009) looked into the relationship between ethnicity and poverty, and 
found that many ethnic minority groups are geographically concentrated in the northern 
uplands and they face a ‘spatial poverty trap’, which means that their location limits their 
access to various resources like health, education, infrastructure, and credit. These 
findings were also reported by the World Bank Country Analysis report (World Bank 
2009 as cited by Dang 2012).  
Returns to education are much lower for ethnic minority groups compared to ethnic 
majority group like the Kinh (Imai et al. 2011). In some cases, ethnic minority groups 
also resist state intervention in favour of their traditional cultural knowledge (Bonnin & 
Turner 2012). For instance, the Mong’s dependence on shifting cultivation, livestock 
breeding and terrace field farming, and their lack of access to scientific and technological 
advances, are major factors in their poverty (Tinh 2002). 
Farming constitutes 93 per cent of the economy in this region, especially in the rural 
areas (Linh & Glewwe 2011). The area is suitable for increased vegetable integration and 
intensification due to its climate and soil (Wijk & Everaarts 2007). In this region, many 
rural households are smallholder farmers, where the average vegetable area is 0.30 
hectare and farm operations are primarily dependent on family manual and animal labour 
(Tran 2003; Wijk & Everaarts 2007; Ye & Pan 2016). Many smallholder farmers (72-
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85%) mainly grow vegetables (e.g., cabbage, cauliflower, leafy greens, fresh legumes, 
herbs and spices) for their own consumption because their small landholdings limit their 
ability to reach commercial scale production (International Food Policy Research Institute 
2002). In spite of this, fruit and vegetable consumption is only 88 grams/capita/day (GSO 
2012, pp. 279-283), which is well below the recommended 400 grams/capita/day (WHO 
& FAO 2005). The diet is high in staples and low on fruits, vegetables and animal 
products, and micronutrient intakes are suboptimal, even among the wealthiest quintiles 
(Nguyen et al. 2014). 
Several factors could explain the poor dietary quality in this region: 
 Market engagement: Households have low dietary quality because of long distances 
between their houses and the nearest food markets, thereby limiting their access to 
diverse food (market access) and their ability to sell their produce (market 
participation). 
 Low educational levels and/or poor nutritional knowledge: Households make poor 
dietary choices, regardless of physical and economic access to diverse and nutritious 
food, due to their lack of nutritional knowledge. 
 Gender roles: Male decision-makers in households that are engaged in cash crop 
production sell most of their high quality produce in the market or to private traders, 
and buy micronutrient- and protein-poor staples and non-food items. When women 
are empowered in agriculture and participate in making household decisions on the 
type of food to grow, purchase, and cook for other household members, they tend to 
select food that are nutritionally beneficial. 
 Low socioeconomic status: Rural farmers cannot afford to buy diverse foods. 
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 Farm scale: Many rural farmers are engaged in subsistence production and there is 
little diversity in the crops they produce. 
 Ethnicity: Food consumption habits can differ by ethnicity. Certain ethnic minority 
groups in northern Vietnam have homogenous diets, largely based on staple grains, 
like rice, with minimal consumption of micronutrient-rich foods, like meat, fruits and 
vegetables. 
The remainder of this chapter presents additional background information on child 
undernutrition and its economic implications to individuals and society; its causes and the 
short- and long-route interventions; women’s empowerment in agriculture, market 
engagement, parental food choice motivations, and other factors that can improve a 
child’s health. Information on several indicators of dietary quality and dietary diversity 
used in developing countries are also presented. The conceptual framework and methods 
underpinning the empirical work are then discussed, and an overview of each of the 
remaining chapters is presented.  
1.7 Overview on child undernutrition 
1.7.1 Malnutrition defined 
Malnutrition is defined as “an abnormal physiological condition caused by inadequate 
(undernutrition), unbalanced or excessive consumption (overnutrition) of macronutrients 
and/or micronutrients (micronutrient deficiencies5)” (FAO et al. 2018, p. 160). 
“Undernutrition is the outcome of poor nutritional intake in terms of quantity and/or 
quality, and/or poor absorption and/or poor biological use of nutrients consumed as a 
result of repeated instances of disease” (FAO et al. 2018, p. 161). It is a global problem 
                                                 
5 This is referred to as hidden hunger in other literatures (for instance, Alderman et al. 2013). 
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with significant implications for an individual’s survival, disease incidence, full physical 
growth and development, and economic productivity (Black et al. 2013).  
1.7.2 The problem of undernutrition 
In 2014, an estimated 784 million people were undernourished globally; and 523 million 
of these were from Asia (FAO et al. 2018). The number of undernourished people has 
declined by more than 100 million since 2005. In developing countries, it has declined 
from 14 per cent in 2005 to 11 per cent in 2014. Despite this overall success, more work 
is required as the decreasing trend is now reversing (FAO et al. 2018). 
Children are the segment of the population most vulnerable to undernutrition. 
Globally, in 2013, undernutrition caused approximately 45 per cent of all deaths among 
children under five (Thompson & Amoroso 2014; UNICEF 2014). It weakens the 
immune system and compounds the effects of preventable infectious diseases such as 
pneumonia, diarrhea and malaria (Black et al. 2013; Brogan & Jen 2010; Caulfield et al. 
2004; Kennedy et al. 2006; Muller & Krawinkel 2005; Neumann et al. 2002; UNICEF 
2014). It also leads to physical disabilities and compromised intellects (Alderman et al. 
2013; Black et al. 2013; Nisbett et al. 2014; Péter et al. 2014; Ruel et al. 2013; von 
Grebmer et al. 2014; World Bank 2006). 
For children under five years, undernutrition manifests in low weight in relation to 
height (wasting) and age (underweight), and low height in relation to age (stunting). In 
the case of adolescents and adults, undernutrition manifests in low body mass index 
(BMI)6 (Alderman et al. 2013; FAO et al. 2014). Wasting, or acute undernutrition, is a 
                                                 
6 The WHO (2010) recommends the cut-off below -2 standard deviations (SD) and -3 SD (-2/-3 
standard deviations below the median person in that age group) as moderate to severe stunting 
(height-for-age measure), wasting (weight-for-height), and underweight (weight-for-age), 
respectively; for adolescents and adults, body mass index below 18.5 kg/m2 is considered 
chronically energy-deficient. 
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result of a recent significant weight loss due to insufficient food intake or infectious 
disease. Long-term undernutrition leads to stunting or chronic undernutrition. 
Underweight can imply either stunting or wasting (Alderman et al. 2013; Levinson & 
Bassett 2007). de Onis et al. (2012) proposed using stunting as an overall indicator of 
children’s (under five years old) health and nutritional status due to the nutrition 
transition7 occurring in many developing countries – that is, the continued prevalence of 
stunting, and the increasing rate of overweight and obesity (and declining underweight 
rates).  
In 2017, an estimated 155 million children under five were stunted and 52 million were 
wasted. The number of children affected is concentrated in Asia and Africa (UNICEF et 
al. 2017), where it is projected to remain a problem until 2020 (de Onis et al. 2012). 
Within countries, the prevalence of stunting, wasting, and underweight, and mortality rate 
are generally higher in poorer families in rural communities (Black et al. 2013; Levinson 
& Bassett 2007; Paciorek et al. 2013; Pinstrup-Andersen 2007), and among certain ethnic 
minority groups, compared to the rest of the population (Damman 2005; Einsiedel et al. 
2013; Montenegro & Stephens 2006; Murphy et al. 1997; Schulz & Chaudhari 2015; 
Teufel-Shone et al. 2015). When children from these groups grow up, their undernutrition 
(stunting) may be passed on to the succeeding generation (an intergenerational cycle of 
undernutrition) because maternal health and nutrition and that of their future offspring are 
intimately linked (Branca et al. 2015; Walker et al. 2015). 
                                                 
7 Kimenju (2014) found that the nutrition transition led to reduction in the prevalence of 
underweight and child stunting. Fat consumption, the increasing share of modern retail in 
grocery sales, and the prevalence of overweight women were used as indicators of the nutrition 
transition from various cross-country data. 
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1.7.3 Economic consequences of undernutrition to individuals and to society 
Undernutrition due to micronutrient deficiencies can have debilitating effects on the 
cognitive development, physical functioning and, eventually, on an individual’s 
productivity. It implies higher budget outlays for health services and, because of reduced 
productivity, gross domestic product (GDP) and/or gross national product (GNP) loss. In 
many developing countries, where a large share of the population suffering from poor 
health and/or nutritional status is directly involved in agriculture, not directly addressing 
micronutrient deficiency can lead to GNP loss (WB 1994 as cited by Stein & Qaim 2007). 
In China and India, preventing micronutrient deficiencies is estimated to be worth around 
US$2.5 billion (or up to US$5 billion in China) in increased GDP annually, which 
represents 0.20 and 0.40 per cent8, respectively, of its annual GDP (Stein & Qaim 2007; 
World Bank 2006)9. In Indonesia, micronutrient deficiencies come at a cost of US$0.75 
billion (Alderman et al. 2003 as cited by Thompson & Amoroso 2014). Considering only 
iron deficiency, it is estimated that low- and middle-income countries lose an average of 
0.60 per cent of their GDP to iron deficiency in adults. Including iron-deficiency induced 
damage to children’s cognitive and motor development brings the economic loss to four 
per cent of GDP (Horton & Rose 2013 as cited by Levinson & Bassett 2007).  
Previous studies have assessed the economic losses of several indicators of 
undernutrition (underweight, stunting, low birth weight, anaemia, suboptimal 
breastfeeding practices, and folic acid-related birth defects, among others) in Albania, 
Lao PDR, and Cambodia. These losses have been assessed using four discrete pathways: 
mortality and disability of children with consequent loss of value to the future workforce; 
                                                 
8 Stein and Qaim (2007) estimated around one to two per cent of India’s GDP. 
9 Figures from World Bank (2006) and Thompson and Amoroso (2014) may need further 
validation. 
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childhood cognitive development deficits resulting in inferior school performance and 
adult productivity; the current value of depressed productivity in working adults; the 
current value of excessive and preventable healthcare and welfare utilization (Bagriansky 
2010; Bagriansky et al. 2014; Bagriansky & Voladet 2013). Using an algorithm to 
calculate the net present value (NPV) of losses with a three per cent discount rate, these 
studies found a loss of one per cent of GDP, worth US$107 million annually in Albania; 
a loss of two per cent of GDP, worth US$200 million annually in Lao PDR; and a loss of 
one to two per cent of GDP, worth US$419 million in Cambodia. The majority of these 
future losses arise from workforce losses due to child mortality, and from lower earnings 
due to childhood cognitive and educational deficits. 
Behrman et al. (2004) identified three types of losses arising from undernutrition: 
higher resource costs from spending more on health care; direct losses due to reductions 
in physical productivity; and indirect losses due to poor cognitive development or delay 
and/or absenteeism from school and reduced future earnings. In the United States, for 
instance, the excessive medical cost due to low birth weight, attributed to maternal 
smoking, was US$263 million in 1995 (Lightwood et al. 1999 as cited by Behrman et al. 
2004). In Brazil, a one per cent increase in height leads to a two per cent increase in wages 
or earnings, regardless of a person’s gender, in the labour market (Thomas & Strauss 1997 
as cited by Behrman et al. 2004). Alderman et al. (2001) and Alderman et al. (2003) as 
cited by Behrman et al. (2004) also found that undernutrition decreases the probability of 
ever attending school in Pakistan and Zimbabwe. A one year delay in entry to primary 
school in Ghana entails a three per cent loss of a child’s lifetime wealth (Glewwe & 
Jacoby 1995 as cited by Behrman et al. 2004). These findings confirm those of other 
studies. McCarron and Heaney 2004 as cited by Gyles et al. (2012), also found that poor 
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intake of dairy products in the United States costs in excess of US$200 billion, over a 
five-year period, in health care expenditure on obesity, hypertension, Type 2 diabetes, 
osteoporosis, kidney stones, certain pregnancy outcomes, and some cancers. In terms of 
reduction in physical productivity, the efficiency wage hypothesis posits that poor 
nutrition leads to poor productivity because poor workers are unable to generate sufficient 
income to obtain sufficient calories to be productive (Behrman et al. 2004; Hoang 2009). 
Horton and Rose 2003 as cited by Thompson and Amoroso (2011), found that iron 
deficiency anaemia in ten developing countries leads to per capita physical productivity 
losses of US$2.30, or one per cent of present GDP, reaching US$16.80 per capita, or four 
per cent of present GDP, after factoring in cognitive losses. In South Asia alone 
(Bangladesh, India and Pakistan), the absolute value of physical productivity losses 
amounts to US$4.2 billion annually. 
The more undernourished children in a country, the higher the strain on its 
development prospects. It is therefore important to understand the determinants of 
undernutrition to improve intervention programs and policies.  
1.8 Causes of undernutrition, and short- and long-route interventions 
The UNICEF’s conceptual model is commonly used to explain the causes of child 
undernutrition and mortality (Alderman et al. 2013; Black et al. 2008; Ruel 2008; Smith 
& Haddad 2000; UNICEF 1990, 2013). In this framework, inadequate dietary intake and 
diseases are the immediate determinants of children’s undernutrition. These factors, 
which often occur together, are caused by several underlying factors, such as the lack of 
physical or economic access to food, poor maternal and childcare practices, and an 
unhealthy environment due largely to low incomes. Dietary inadequacy can be addressed 
by implementing several short-route, nutrition-specific interventions that immediately 
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improve nutrition. Save the Children (2012) proposed six life-saving low-cost solutions: 
iron folate supplements; breastfeeding; complementary feeding; vitamin A supplements; 
zinc for diarrhea; and improved water, sanitation and hygiene. Alternatively, longer route, 
multi-sectoral programs and policies with a nutritional outcome component can also be 
adopted; for instance, agricultural interventions, poverty reduction, income generation, 
and educational reforms (Alderman et al. 2013; Carter 2014; Ecker & Nene 2012; Ruel 
2008; Webb 2013). 
Poverty limits a household’s ability to access adequate food, education, health services 
and care, and a clean environment (Black et al. 2008 as cited by Alderman et al. 2013). 
Once populations have stable access to food and move beyond their concerns about food 
scarcity, they can begin to address dietary quality (Temple 2013). However, the 
prevalence of stunting is also high in the richer, urban areas in Vietnam (Khan et al. 2007; 
Ministry of Health et al. 2010; Nguyen, HT et al. 2013; van Lierop et al. 2008). Therefore, 
this may not reflect a lack of access to an adequate diet but unequal intrahousehold food 
allocation or poor dietary choices, among others, despite the availability of diverse and 
nutritious foods. 
1.8.1 Women’s empowerment in agriculture and maternal education 
Understanding the direct effect of agricultural interventions in improving the nutritional 
status of women and children requires a further look at intrahousehold dynamics to ensure 
food-based interventions are effective, since the relationship between production and 
consumption is not straightforward. Women tend to be more concerned than men with 
the health and well-being of children and men (Quisumbing et al. 1995). Hence, women’s 
status and empowerment, their ability to select and spend on diverse and nutritious food 
for their families, their educational level, and their nutritional knowledge have been found 
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to be strong determinants of reducing childhood undernutrition, as well as ensuring the 
effectiveness of food-based interventions (Berti et al. 2004; Girard et al. 2012; 
Kawarazuka & Bene 2010; Leroy & Frongillo 2007; Smith & Haddad 2000).  
One of the most recent multidimensional survey tools that measures women’s 
empowerment in agriculture is the Women’s Empowerment in Agriculture Index 
(WEAI). It was developed in 2012 by the International Food Policy Research Institute 
(IFPRI), the Oxford Poverty and Human Development Initiative (OPHI), and the U.S. 
Agency for International Development (USAID) (Alkire et al. 2013). The WEAI assesses 
the degree to which men and women decision-makers are empowered using 10 indicators 
from five domains: (1) decisions about agricultural production; (2) access to and decision-
making power about productive resources; (3) control of the use of income; (4) leadership 
in the community; and (5) time allocation to primary productive and domestic tasks. 
However, certain operational issues (for instance, the excessively long completion time 
of the survey leading to respondent fatigue) and complexities in how some modules are 
designed and phrased led to the creation of the Abbreviated-Women’s Empowerment in 
Agriculture Index (A-WEAI). It is a shorter version of WEAI, using only six indicators 
from five domains (Malapit et al. 2017). Since its launch, the associations between 
women’s empowerment on health outcomes have been mixed. In Ethiopia, when women 
are empowered in relation to group membership, access to credit, autonomy in 
production, and workload, it positively affects young children’s and women’s dietary 
diversity (Yimer & Tadesse 2015). In Bangladesh, when women are involved in decision-
making about the spending of household income, household purchases and healthcare, it 
increases the odds of young children (6-24 months) in meeting the minimum dietary 
diversity requirements (Bhagowalia et al. 2012). Malapit and Quisumbing (2015) and 
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Malapit et al. (2015a) find weak (or no) associations between indicators of women’s 
empowerment and the diets of young children under two years in Ghana and under five 
years in Nepal, respectively. Further investigation, to test the validity of the WEAI in 
more cross-cultural settings, is suggested.  
Maternal education is also an important factor in mitigating child mortality (Caldwell 
1979). Various pathways have been suggested for the way maternal education can 
improve dietary quality and children’s health outcomes, although causal associations 
remain debatable (Hobcraft 1993). Overall, maternal education can increase health 
knowledge, improve socioeconomic status via higher wages or higher productivity, 
increase female’s autonomy in familial decision-making, and improve reproductive 
outcomes (Schultz 1984 as cited by Babu et al. 2014; Frost et al. 2005; Glewwe 1999). 
Each (or a combination of these) pathway can translate to better quality childcare and 
feeding practices, higher demand for diversified food (Moon et al. 2002) and healthier 
food choices (Variyam et al. 1998), and therefore improve children’s health (Mishra & 
Retherford 2000; Semba et al. 2008). One study in Vietnam (Nguyen, PH et al. 2013a) 
found that children whose mothers had reached high school were 1.7 times more likely 
to achieve the minimum dietary diversity requirement than those mothers who did not go 
to school. Using data from several developing countries, Cleland and Van Ginneken 
(1988) found that one to three years of maternal education translates to a 20 per cent 
decline in the risk of childhood death. This strong association exists in many developing 
countries, regardless of geographical region and access to better health services.  
1.8.2 Market engagement 
Market engagement also plays a crucial role in improving food security and nutritional 
outcomes. It can affect nutrition either directly (through consumption of one’s own food 
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production rather than selling their produce), indirectly (income earned from semi-
commercial production, and diversified food purchases due to market proximity), or 
through both consumption and indirect measures (Aberman et al. 2015; Darrouzet-Nardi 
& Masters 2015; Minot et al. 2006). There is evidence in the literature that the effect of 
market engagement on nutrition measures is larger than agricultural diversity per se (for 
instance, Hirvonen & Hoddinott 2017; Koppmair et al. 2017; Sibhatu et al. 2015; Stifel 
& Minten 2017). Proximity to food markets (market access) allows households to gain 
immediate access to diverse foods, and this may explain the better health status of children 
who are located closer to food markets than those who reside in remote areas (Abay & 
Hirvonen 2016; Koppmair et al. 2017).  
1.8.3 Food choice motives 
Children’s undernutrition may also occur due to poor dietary choices. The motives behind 
parents’ selection of foods to purchase and to prepare for the household can directly 
influence children’s diet, their dietary behaviours and, ultimately, their nutritional 
outcomes (Hursti 1999; Oellingrath et al. 2013; Russell et al. 2015; Søndergaard & 
Edelenbos 2007). Food choice and diet-related behaviours are quite complex, because 
they are influenced by a myriad of factors from biology and personal experience with 
food to people’s physical, social, and cultural environment (Contento 2011). Dietary 
changes due to market globalisation, economic development, supermarket evolution, and 
altered work patterns (Cunha et al. 2018; Damman et al. 2008), have resulted in increased 
cases of noncommunicable diseases (WHO 2002). Hence, recent studies on food choice 
have not only focused on market research (for instance, Baudry et al. 2017; Chen 2007; 
Forestell et al. 2012; Hoek et al. 2011; House 2016; Lockie et al. 2004; Prescott et al. 
2002; Prescott et al. 2004; Stolz et al. 2011), but also on the promotion of eating healthy 
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food (Locher et al. 2009; Mardon et al. 2015; Miedema et al. 2016; Mitterer-Daltoe et al. 
2013; Pollard et al. 2002; Steptoe et al. 2016). 
1.8.4 Other factors that affect children’s health 
Community characteristics, such as access to health facilities, clean water sources and 
sanitation, also affect children’s health (UNICEF 1990, 2013). Glewwe et al. (2003) 
studied the effect of household income growth and access to health services on children’s 
health in Vietnam during the 1990s, and found that access to a pharmacy had a larger 
impact than household income growth. Furthermore, the provision of sanitary toilets and 
adequate supply of oral rehydration tablets are also likely to lead to substantial 
improvements in childhood nutrition. Water, sanitation, and hygiene (WASH) also affect 
children’s health outcomes by altering the environment to prevent infectious diseases, 
like diarrhea, affecting household members. In Nepal, WASH can mediate the association 
between women’s empowerment and the HAZ of children aged 6-24 months 
(Cunningham et al. 2018). When disentangling these effects, improved sanitaton may 
have greater impacts on children's health than access to clean water supplies. The Young 
Lives cohort study in Ethiopia, India, Peru, and Vietnam (Dearden et al. 2017), and the 
study of Cyriac et al. (2017) suggest that this may be the case. Further investigation is 
suggested using longitudinal data to validate the association. 
Other factors, such as geographic heterogeneity, unequal intrahousehold food 
allocation due to certain biases and the seasonality of vegetable production, can also affect 
children’s health. Geographical location can impose disadvantages and lead to poorer 
quality diets and nutritional outcomes. These geographical differences may arise from a 
location’s (dis)advantage in vegetable production due to elevation or other factors (Tran 
2003). Intrahousehold food allocation can also be affected by age and gender biases, and 
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seasonal food shortages. Young children and/or women in certain villages in Bangladesh 
and the Philippines receive proportionately lower energy and protein intakes than their 
adult male counterparts (Abdullah & Wheeler 1985; Senauer et al. 1988), while in 
Indonesia, women consumed more carbohydrates than other family members (Wibowo 
et al. 2015). Therefore, incorporating various age groups from preschool children to 
schoolchildren and adolescents into studies and programs is recommended (Finaret et al. 
2018). It is not only preschool children or children under five years, who require energy 
and nutrient-dense food to maximise their full physical growth potential. Schoolchildren 
and adolescents undergo a dynamic transitional period. It is during this period that 
nutritional requirements are highest (DiMeglio 2000; Ochola & Masibo 2014; WHO 
2002). 
1.9 Dietary quality and dietary diversity measurements 
One method of assessing diet-related health is dietary quality. It is measured by scoring 
food patterns based on how they align with national dietary guidelines, and how diverse 
food variety is within the identified food groups (Wirt & Collins 2009). 
Dietary diversity is a key component of a good quality diet (Hawkes & Ruel 2012; 
Oldewage-Theron et al. 2013; Ruel 2003). It is characterized by a combination of 
nutrient-dense foods, like fruits and vegetables, fish, meat and whole grains (Maillot et 
al. 2007; Vadiveloo et al. 2014). Lack of diversity, or variety, in a diet can lead to 
micronutrient deficiencies in “…iron (causing anaemia, lassitude, and learning 
difficulties), iodine (causing goitre and cretinism), and vitamin A (causing xerophthalmia, 
impaired night vision, and eventually blindness)” (World Cancer Research 
Fund/American Institute for Cancer Research 2007, p. 350). Poor dietary diversity also 
leads to high stunting rates (FAO et al. 2013). Recommendations to combat specific 
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deficiencies not only include micronutrient supplementation and food fortification, but 
also increasing the consumption of meat and other foods of animal origin (for iron), fish, 
and fruits and vegetables (for vitamins) (World Cancer Research Fund/American Institute 
for Cancer Research 2007).  
Consuming more fruits and vegetables appears to reduce specifically the risk of some 
cancers, stroke, and heart disease (Boffetta et al. 2010; He et al. 2006). This could be 
attributable to the phytochemicals (for instance, flavonoids, carotenoids, phenols, 
vitamins and minerals) found in fruits and vegetables, that could be responsible for the 
protective effect against certain cancers, cardiovascular diseases, stroke and cataracts in 
adults, and asthma and bronchitis which are common forms of chronic obstructive 
pulmonary disease (COPD) in children (Van Duyn & Pivonka 2000). For instance, bitter 
gourd (Momordica charantia) is known for its anti-diabetic properties among certain 
indigenous populations, although further scientific testing is advised to test its validity 
(Leung et al. 2009). It is high in carbohydrates and proteins (Bakare et al. 2010), calcium 
and magnesium, and vitamin C, beta-carotene and lutein (Zhang et al. 2009). 
There are several methods to measure dietary quality at the individual level. In 
developing countries, where the main concern is inadequate dietary intake, nutrient 
adequacy is often used. However, since quantifying nutrient intake is time-consuming 
and prone to methodological challenges in developing countries, dietary diversity is used 
because of its relative simplicity (Torheim et al. 2004). It is a simple count of food items 
or food groups consumed over a specified period by an individual or household, and is a 
useful tool to predict dietary quality for both adults and children (Arimond & Ruel 2004; 
Headey & Ecker 2013; Moursi et al. 2008; Ruel 2013; Wiesmann et al. 2009). A 
systematic review done by Ruel (2013) showed that dietary diversity indicators predict 
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micronutrient adequacy and anthropometry of women and children in developing 
countries (see Tables 18.1 to 18.4 for selected studies in a developing country context).  
The most common dietary diversity indicators are the food variety score (FVS), which 
counts the number of individual food items; the dietary diversity score (DDS), which 
counts the number of different food groups; the food frequency score (FFS), which 
reveals how often a food group was consumed over a specified time period; and the food 
consumption score (FCS), which attaches greater weight to more nutritious food groups 
like meat, fish and milk, and less weight to oil and sugar (Headey & Ecker 2013). 
However, count measures have several disadvantages: they do not differentiate between 
healthy and unhealthy food, and they do not consider the distribution of the foods in the 
diet (Drescher et al. 2007). They also require consumption of a minimum quantity of 
foods to be included in the score (Ruel 2013).  
A better measure, reflecting diversity and dietary quality, is the Healthy Food Diversity 
Index (HFD-Index)10 developed by Drescher et al. (2007). It is a validated measure of 
nutritional adequacy (Leschewski et al. 2017), and has been implemented in Germany 
(Drescher et al. 2009), Canada (Drescher & Goddard 2008), and the United States 
(Vadiveloo et al. 2014). The index takes a value between 0 and almost 1, with higher 
values reflecting greater consumption of healthier foods in a household. Unlike other 
count measures of dietary diversity, such as the DDS, the HFD-Index is multidimensional 
and measures dietary variety, dietary quality, and proportionality (consuming larger or 
fewer amounts of certain food groups based on the dietary guidelines) (Drescher et al. 
                                                 
10 We attempted to use both DDS and HFD-Index in this study for comparison; however, due to 
the absence of any correlation between our variables of interest and HFD-Index, its use was 
eventually dropped. 
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2007). This index encourages proportionality and penalizes the consumption of a single 
high-quality commodity or equal consumption of all food groups (Vadiveloo et al. 2014). 
1.10 Conceptual framework and methods 
1.10.1 Conceptual framework 
This study uses the UNICEF’s conceptual framework to identify the determinants of 
childhood undernutrition (UNICEF 1990, 2013). It identifies three causes of children’s 
undernutrition in developing countries: immediate, underlying, and basic. The immediate 
causes are inadequate dietary intake and/or diseases (health). Both affect each other and 
are due to lack of access to: food, either physically and/or economically; quality maternal 
and childcare practices; clean water and sanitation facilities; and adequate health services 
at the household/family level, driven primarily by income poverty. The basic factors are 
institutional, political, environmental and economic in nature, and their solution require 
concerted efforts from many institutions (Alderman et al. 2013; Black et al. 2008; Ruel 
2008; Smith & Haddad 2000; UNICEF 1990, 2013). 
1.10.2 Three pathways of agriculture-diet-nutrition linkages 
A number of pathways have been identified linking agriculture and food systems with 
nutritional outcomes (Alderman et al. 2013; Carletto et al. 2015; Dangour et al. 2012; 
Gillespie et al. 2012; Herforth & Harris 2014; Kadiyala et al. 2014; Kanter et al. 2015; 
Pinstrup-Andersen 2014; Turner et al. 2013; Webb 2013). At the household level, the link 
between agriculture and nutrition could be a result of one or a combination of three 
factors: (a) consumption of own food production due to lack of market access, (b) 
consumption of more nutritious food from sales of agricultural produce and/or proximity 
to markets, and (c) gender-related factors which could be linked to women’s social status 
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and empowerment in agriculture, education, health and nutritional status. These three 
pathways are used to assess the associations between smallholder vegetable production 
and dietary quality and children’s nutritional outcomes in Chapters 2 and 3, respectively. 
Essentially, we hypothesize positive associations leading to improved dietary quality and 
nutritional outcomes as previously discussed in Section 1.2. These associations are further 
influenced by other confounding factors, such as seasonality of produce, geographic 
heterogeneity, ethnicity, education, age group, and an individual’s gender (Sec 1.8), 
among others, which are also considered in the survey design and subsequent analyses. 
1.10.3 Methods 
Previous assessments of agricultural interventions found that they had many 
methodological issues (Girard et al. 2012; Leroy & Frongillo 2007; Masset et al. 2012; 
Ruel 2001; Webb 2013). Several suggestions by Masset et al. (2012), i.e. use of proper 
metrics (for instance, household income and consumption and indices of dietary 
diversity), and collection of anthropometric measurements to detect the effect, were 
therefore considered in this study. 
To fully understand the consumption patterns of the ethnic minority communities in 
the province, two layers of primary data collection were conducted: Participant 
Observation Study and the Vietnam Rural Household Survey11.  
The Participant Observation Study was undertaken in July-August 2015. The aim was 
to observe and document the consumption and shopping behaviours of six households in 
selected areas in the districts of Bac Ha and Sa Pa, and in Lao Cai city for six weeks. To 
do this, the PhD student, accompanied by a locally-based researcher from the Vietnam 
                                                 
11 Ethics approval no. H-2015-059 (Appendix A-1) 
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National University of Agriculture (VNUA), stayed in each household for a week to 
record the types and portion sizes of food prepared and consumed in each meal, food 
source, main decision-maker in food preparation/selection, and the market days in the 
target sites. This was to get a better understanding of what the commonly used dishes, 
cups, bowls and glasses are, including their various sizes, and share this information with 
the enumerators for them to accurately estimate the portion sizes during the actual survey 
implementation. Identifying the main food decision-maker and preparer to target as our 
main respondent in the actual survey was also critical to ensure that we collected quality 
and complete information on intrahousehold food consumption. We also enquired about 
the market days in each target district to: (a) assess how market day affects household 
consumption patterns compared to ordinary days, and (b) determine how to properly 
administer the 24-hour food recall in several non-consecutive days during the week of the 
actual survey.  
Results of the Participant Observation Study showed that in low-income households, 
the male and female decision-makers share responsibility in the food preparation, 
purchase of ingredients, and feeding the younger children in the household. In relatively 
wealthier households, female decision-makers are mainly responsible for these activities. 
It was also observed that weekday versus weekend consumption (market day) was 
different. These results were then incorporated into the design of the Vietnam Rural 
Household Survey, especially in selecting which non-consecutive day to conduct the food 
consumption module. 
The Vietnam Rural Household Survey entailed face-to-face interviews with the target 
respondents in July-August 2016 (round 1) and November 2016 (round 2). The food 
47 
 
consumption data was collected in these two time periods in order to capture seasonal 
fluctuations in household’s food consumption. 
In total, 510 households out of 3,03512 households from four districts in the province 
were interviewed in the Vietnam Rural Household Survey. The target respondents were: 
(a) the main food preparers13 in households, responsible for making meal decisions and/or 
meal preparations; and (b) the male household heads, responsible for making agricultural 
production decisions. A multistage stratified random sampling process was used to select 
the household respondents. To capture the geographic heterogeneity of the target areas, 
the following strata were used: elevation and vegetable production density per capita. 
Details are explained in Chapter 2, Section 2.2.  
The list of households in each commune was gathered in June 2016 by visiting all of 
the communes selected through the multistage stratified random sampling process 
(Appendix A-2). Commune/Village information was also collected by interviewing the 
commune/village leaders using a Commune-Village questionnaire (Department of 
Agriculture, Forestry and Fishery Statistics – Ministry of Planning and Investment 2006, 
see Appendix A-4). 
The paper-based semi-structured survey questionnaire is composed of 13 modules 
(Sections A to M), excluding the Screener and Cover pages (Appendix A-6). It covers 
modules on: sociodemographic information including anthropometrics; food 
consumption using 24-hour recall; Household Food Insecurity Access Scale (HFIAS); 
food choice motives and dietary beliefs; A-WEAI for male and female decision-makers; 
maternal care and micronutrient supplementation; health status, access to clean water and 
                                                 
12 This does not include the number of households from four villages (11B 
12 in Sa Pa Town; Pao Pao Chải in Pha Long, Muong Khuong; and Dì Thàng 2 in Na Hối, Bac 
Ha. 
13 Each household identified the main food decision-maker and food preparer. 
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sanitation, and exercise and smoking status; household characteristics and assets; 
household income and expenditure; farm characteristics, crop and livestock output; 
vegetable input expenditure; and economic shocks.  
In designing the questionnaire, information was obtained from the public domain or 
from other researchers known to the PhD student. For instance, the overall questionnaire 
design was adapted from a previous project “Markets for high-value commodities in 
Indonesia: Promoting Competitiveness and Inclusiveness (ADP/2005/006)” that was 
commissioned to the Centre for Global Food and Resources (formerly Global Food 
Studies), University of Adelaide, by ACIAR (Minot et al. 2010; Minot et al. 2011). Other 
modules were adapted from published literature; for instance, food choice motivations 
was adapted from Steptoe et al. (1995) and Lindeman and Vaananen (2000) since relevant 
questions had been cross-culturally validated. These sources are indicated in Table 1.1. 
Copyright permissions have been obtained, as applicable (for instance, Appendix A-8). 
The paper-based survey questionnaire was pre-tested in Hanoi and in the study areas 
in March, June, and July 2016. It was transferred to the mobile data platform CommCare 
v.2.28.0 (Dimagi, Cambridge, MA) from April-June 2016 by Smart Decision, a company 
based in Tanzania, with final modifications completed before the Training of 
Enumerators in July 2016. A detailed Training Manual (Appendix A-5) was provided to 
a team of 22 enumerators and five field supervisors from the Mekong Development 
Research Institute (MDRI), who facilitated the survey implementation. The training of 
enumerators was divided into two parts: conceptual, where enumerators learned about 
each module in the whole questionnaire and the rationale or objectives for collecting the 
data; and practical, where enumerators learned how to navigate CommCare, how to 
collect anthropometric measurements, and how to measure portion sizes in the 
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intrahousehold food consumption module. Each enumerator was provided with a tablet 
device; infantometer, digital weight scale, and tape measure for collecting anthropometric 
measurements; and digital kitchen scale, graduated plastic cylinders, modelling clay, and 
shredded paper for measuring portion sizes.  
Based on the results of the Participant Observation Study, the household (and 
intrahousehold) food consumption patterns (Appendix A-6, Sec B) were collected using 
the 24-hour food recall on several occasions. The 24-hour food recall is a method for 
estimating total food intake by assessing dietary patterns during the 24 hours prior to the 
interview (Himmelgreen & Crooks 2005). It is commonly used due to low respondent 
burden, high compliance rates, low costs, use of standardized interviews, and ease of 
administration. However, it also relies heavily on memory, overestimates low intakes and 
underestimates high intakes, and may provide inaccurate estimates of portion size 
(Baranowski 2012; Himmelgreen & Crooks 2005).  
Considering these limitations, it is recommended to collect information multiple times, 
for instance, three non-consecutive days, to mitigate the effects of these drawbacks. The 
three-day recall period is the recommended minimum number of days for dietary recall 
studies and includes two weekdays and a weekend day (Baranowski 2012; Kral et al. 
2009; Nelson et al. 1989). In this study, the 24-hour food recall was administered in three 
reference periods or data days: two non-consecutive days (one weekday and one weekend 
day that was a market day) during round 1, and one (any day of the week) in round 2. Due 
to budgetary restrictions, we were only able to collect data for one 24-hour recall period 
in round 2.  
Food access is generally determined by income and food price, but consumers also 
select food based on taste, nutritional value, variety, social norms, and convenience. 
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However, for the marginally poor, food cost makes all the difference (Antin & Hunt 2012; 
Brinkman et al. 2010; Darmon et al. 2004; Maillot et al. 2007). Therefore, the 
consumption module (using 24-hour food recall) also include information on food source 
(if home grown, purchased, sourced from neighbours/friends, etc.) to examine 
households’ ability to physically access food, purchase price, and quantity consumed 
(portion sizes). Ruel (2003) raised two issues in the use of dietary diversity indicator: 
selection of food groups to use and the use of portion sizes. This study used the National 
Institute of Nutrition’s (NIN) 14-scale food consumption groups (Ministry of Health & 
NIN 2007). Portion sizes were measured using actual weights (enumerators were trained 
on how to use portable measuring scales) (Gibson & Ferguson 2008).  
1.10.4 Three analytical chapters 
The three analytical chapters in this thesis each address the specific research questions 
identified in Section 1.4. The chapters share some similarities in the background 
information and/or the use of certain variables in the regression models. This is because 
each paper attempts to present the overall problem being addressed in this study (i.e. 
childhood undernutrition) and uses the same background information of the province. 
Similarly, Chapters 2 and 3 use the same pathways to examine the associations of 
smallholder vegetable production on the selected outcome variables. However, each 
paper has a different objective, and uses different measures of association. Below is an 
overview of the subsequent chapters. The tables and figures are at the end of each chapter. 
Chapter 2 analyses how smallholder vegetable production is associated with improved 
dietary diversity. The data set includes 653 preschool, schoolchildren, and adolescents, 
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aged six-months to 17 years old from 298 households14, with complete information in 
both survey rounds. In this paper, the main variables of interest are vegetable production 
diversity; travel time to the nearest market as indicator of market access, and the value of 
the vegetables sold as a share of total vegetable production in the last production cycle as 
an indicator of market participation; and the four weighted indicators of women’s 
empowerment from the modified A-WEAI (women’s access to and decisions on credit; 
control over income; group membership; and workaway15).  
Nine models are estimated using the Poisson Generalised Linear Model and ordinary 
least squares (OLS) to see associations between the indicators of vegetable production 
diversity, market access and participation, and women’s empowerment on the Dietary 
Diversity Score of children and adolescents (DDS). The analyses are done separately for 
the pooled, and age- and gender-disaggregated samples. All regression models control for 
other confounding variables, such as household, child, and food preparer characteristics. 
The results present associations, not causal relationships, between our main variables of 
interest and the DDS because it did not address endogeneity due to the absence of 
sufficiently strong instruments.  
Chapter 3 analyses how smallholder vegetable production is associated with improved 
child nutrition outcomes. The data set includes young children, aged six-months to five 
years, from 188 households in the first round. In this paper, the main variables of interest 
are the vegetable production indicators: vegetable production diversity, travel time to the 
nearest market as an indicator of market access, and two dummy variables to indicate 
                                                 
14 Out of the 510 households, 298 households have children and adolescents aged six months to 
17 years old with complete information on consumption in both survey rounds. 
15 WorkAway is a weighted women’s disempowerment or inadequacy score. An individual is 
assigned a value of 1 (inadequacy) if she worked for more than 10.50 hours in the past 24 hours, 
and 0 if otherwise (Malapit et al. 2015b). This value is then multiplied by the assigned weight to 
arrive at the weighted inadequacy score. 
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market participation (household has sold to traditional channels, and to modern channels 
in the last production cycle). Traditional channels are those that exist locally, such as the 
local market in the village/commune/district, selling to fellow farmers, and selling to 
collectors who visit the farm. Modern market channels include supermarkets, wholesale 
markets, cooperatives, and other retailers in Hanoi and other provinces.  
Nine models are estimated for young boys and girls: three-stage least squares (3SLS), 
OLS, logistic regression, and seemingly unrelated regression (SUR) to explain variations 
in several nutritional outcome measures, including: height-for-age (HAZ), weight-for-
height (WHZ), weight-for-age (WAZ) z-scores, as well as three other measures (stunting, 
wasting, and underweight). All regression models control for other confounding 
variables: women’s empowerment (two dummy variables for women’s control over 
income and workload16); household characteristics including improved sanitation; 
children’s characteristics; and maternal characteristics, including height and body mass 
index. We use several instruments to account for the potential endogeneity of vegetable 
production diversity and the two dummy variables for market participation. The main 
results of the 3SLS estimates are therefore used for inference and are compared with OLS, 
logistic regression, and SUR estimates to determine the possible direction of the bias. 
 Chapter 4 investigates the factors motivating food choices of the main food decision-
makers of the 510 rural households, and identifies consumer clusters with similar 
motivational factors. A modified Food Choice Questionnaire (FCQ) is used to assess 47 
items from 11 factors: ‘convenience’, ‘natural content’, ‘ethical concern’, ‘weight 
control’, ‘sensory appeal’, ‘price’, ‘religion’, ‘familiarity’, ‘health’, ‘mood’, and 
                                                 
16 Workload is a binary measure of women’s empowerment or adequacy. It is equal to 1 if a 
woman’s workload is less than the time poverty line of 10.50 hours, and 0 if otherwise (Malapit 
et al. 2015b).  
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‘balanced’. Descriptive statistics, Exploratory Factor Analysis, Two-step Cluster 
Analysis, Independent Samples t-test, and Pearson chi-square statistics are used in the 
analyses. Clusters are profiled according to household dietary diversity, food security, 
and other selected characteristics of the food preparer, household, and community. 
Chapter 5 presents the overview of the study and summarises the major findings of the 
three analytical chapters (Chapters 2 to 4). It also presents the overall contributions and 
the limitations of the study, and outlines potential areas for future research. 
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Table 1.1 Different modules of the survey questionnaire and its sources 
Module Description Source(s) 
Sec A Household characteristics  
 Grade conversion table for general 
education systems 
GSO et al. (2011) 
Sec B Consumption   
 24-hour food recall Gibson and Ferguson (2008); 
Raneri et al. (2014) 
 Food consumption tables Ministry of Health & NIN 
2007; NIN (1995); NIN and 
Wageningen University (2013) 
 Household Food Insecurity Access Scale  Coates et al. (2007) 
Sec C Food choice and dietary beliefs  
 Modified Food Choice Questionnaire Lindeman and Vaananen 
(2000); Steptoe et al. (1995) 
Sec D Gender  
 Modified Abbreviated-Women’s 
Empowerment in Agriculture Index 
Malapit et al. (2015b) 
 Gender dimensions of household 
decision-making processes 
Climate Change, Agriculture 
and Food Security (CCAFS) et 
al. (2013); Yamano et al. 
(2016) 
Sec E Micronutrient supplementation, 
breastfeeding practices and maternal 
knowledge about nutrition information 
NIN (2013) 
Sec F Health indicators, access to clean water and 
sanitation, handwashing practices, and 
lifestyle 
 
 Access to clean water and sanitation WHO and UNICEF (2006) 
Sec G Other household characteristics and assets  
Sec H Non-farm expenditure sources in the last 12 
months 
 
Sec I Household income sources in the last 12 
months 
 
Sec J Farm characteristics  
Sec K Crop and animal output and disposal in the 
last cropping cycle 
 
Sec L Vegetable input expenditures in the last 
cropping cycle 
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2 Linking vegetable production and market access with improved 
dietary diversity for children and adolescents in northwest 
Vietnam 
Abstract: Many households in Southeast Asia suffer from low dietary diversity, which 
is a leading cause of persistent undernutrition. Children and adolescents are especially 
vulnerable to undernutrition, since they require energy and nutrient-dense food to 
maximise their full physical and cognitive potential. This paper investigates the 
determinants of dietary diversity for children aged six months to 17 years from 
smallholder farming households in Lao Cai Province, Vietnam. Three pathways that link 
agriculture with household diets and dietary diversity scores: vegetable production 
diversity, market engagement, and women’s empowerment, are considered. Regressions 
are estimated for the pooled, age- and gender-disaggregated samples using a Poisson 
Generalised Linear Model to explore associations between individual Dietary Diversity 
Score (DDS) and variables representing the three pathways, and other covariates. Both 
measures of market engagement, market access and market participation, are associated 
with significant improvements in DDS. For preschool girls, increased market access is 
significantly associated with an increase in DDS by up to two food groups. Household 
income and the educational attainment of the food preparer are statistically significant 
covariates associated with improved DDS of children. Improving nutritional knowledge 
of the main food preparer, promoting market engagement, and implementing 
interventions targeted at the low-lying and low vegetable density per capita areas may 
lead to improvements in dietary diversity. 




Dietary diversity is a key component of a high quality diet (Hawkes & Ruel 2012; 
Oldewage-Theron et al. 2013). It is characterized by a combination of nutrient-dense food 
like fruits and vegetables, fish, meat and whole grains (Maillot et al. 2007; Vadiveloo et 
al. 2014). Dietary diversity has been shown to be positively associated with nutritional 
adequacy in both children and adults (Arimond et al. 2010; Kennedy 2009; Mirmiran et 
al. 2004; Moursi et al. 2008; Nithya & Bhavani 2018; Ogle et al. 2001; Steyn et al. 2014; 
Steyn et al. 2006; Torheim et al. 2004). It is essential to physical growth, cognitive 
development, physical functioning, and, eventually, adult productivity (Black et al. 2013; 
World Cancer Research Fund/American Institute for Cancer Research 2007). 
In Southeast Asia, many households suffer from low dietary diversity due to 
homogenous diets (Dorado et al. 2018; Food and Nutrition Research Institute-Department 
of Science and Technology (FNRI-DOST) 2012; McDonald et al. 2015; Nguyen et al. 
2013; Wangpakapattanawong et al. 2016), which is a leading cause of persistent 
undernutrition (Thompson & Amoroso 2014). Homogenous diets are generally based on 
staples such as grains, like rice, or starchy vegetables, roots and tubers, with minimal 
consumption of nutrient-rich foods, like meat, and fruits and vegetables (Arimond & Ruel 
2004; Ruel 2003).  
Preschool children18, schoolchildren, and adolescents are especially vulnerable to diet-
related health issues19. In particular, children aged six months to five years require energy 
                                                 
18 Preschool children refer to children who are five years old and below, while schoolchildren 
and adolescents refer to those who are over five years of age. In this chapter, ‘young children’, 
‘young boys’, and ‘young girls’ will be used interchangeably to refer to preschool children; 
while ‘older children’, ‘older boys’, and ‘older girls’ refer to schoolchildren and adolescents. 
The general terms ‘boys’ and ‘girls’ are independent of age. 
19 In this thesis and in this analysis, we did not include infants under six months old since they 
normally derive most of their nutritional intake from breastfeeding. However, children aged six 
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and nutrient-dense food to maximize their full physical growth potential and reduce the 
probability of them being stunted. Greater dietary diversity has been shown to be 
positively associated with better nutritional status among young children in developing 
countries (Arimond & Ruel 2004; Sawadogo et al. 2006). Furthermore, school-aged 
children and adolescents undergo a dynamic transitional period between childhood and 
adulthood. While better nutrition is required from infancy to adolescence, it is during the 
latter period that nutritional requirements are highest (DiMeglio 2000; Ochola & Masibo 
2014; WHO 2002).  
The measurement of dietary diversity, or the number and type of food groups 
consumed, differs between countries, since the main food groups commonly eaten across 
countries varies. Caution is advised when making cross-country comparisons. 
Nevertheless, a number of studies that look at the individual diets of preschool children 
(Arimond & Ruel 2004; Ey Chua et al. 2012; Marriott et al. 2012; Rah et al. 2010; Steyn 
et al. 2014), schoolchildren, and adolescents (Dorado et al. 2018; Getaneh et al. 2017; 
Herrador et al. 2015; Steyn et al. 2014) in developing countries find low dietary diversity. 
Agriculture is the main source of food and livelihoods for many rural households in 
developing countries (Ali et al. 2013), and thus, contributes both directly and indirectly 
to individual and household dietary quality and nutrition. Agriculture and individual 
dietary quality and nutrition have been linked in the literature via the following three 
pathways: (1) household production of agricultural products which may subsequently be 
consumed by the household members; (2) market engagement where at least a share of 
the agricultural products produced by the household are sold at markets generating 
                                                 
months to 17 years old are vulnerable to age and gender biases in intrahousehold food allocation 
(see Sec 1.8.4).  
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agricultural income used to purchase diverse food products, or access to a wide variety of 
food due to market proximity; and (3) gender-related factors influencing women’s 
empowerment with respect to household decisions (Dangour et al. 2012; Gillespie et al. 
2012; Herforth & Harris 2014; Kadiyala et al. 2014; Kanter et al. 2015; Pinstrup-
Andersen 2014; Turner et al. 2013).  
In pathway 1, the diversity and specific mix of agricultural crops cultivated by a 
household can influence household members’ dietary quality. This is especially true for 
subsistence households that only consume what they produce (Muller 2009).  
Pathway 2 relates to how poor market access and low household incomes can be 
interrelated, and its effect on dietary diversity as previous research has shown (Abay & 
Hirvonen 2016; Koppmair et al. 2017; Sibhatu et al. 2015). However, when households 
have increased market access and opportunities for market participation, they are faced 
with complex decisions about which agricultural crops to produce, consume and sell, and 
how to use any additional income generated from the sale of agricultural crops. 
In pathway 3, the role women play in resource-poor households affects the diets of 
household members (Alderman et al. 2013). As women tend to be more concerned with 
the health and well-being of children and other household members, their ability to 
control resources at home, to have access to credit, and to spend time selecting and 
preparing diverse and nutritious food for the family can have a strong, positive effect on 
household dietary quality, especially on children’s diets (Quisumbing et al. 1995). 
Furthermore, the literature on women’s empowerment show that when mothers are 
empowered, the dietary diversity of both mothers and children improves. For instance, in 
Ethiopia, Yimer and Tadesse (2015) found positive associations between four indicators 
of women’s empowerment (group membership, access to credit, autonomy in production, 
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and workload) and young children’s (under 72 months), as well as women’s dietary 
diversity. Bhagowalia et al. (2012) found that in Bangladesh, women’s involvement in 
decision-making related to control over financial resources, decisions regarding daily and 
large household purchases, decisions regarding their own healthcare, and decisions 
regarding visits to relatives, increased the odds of meeting the minimum dietary diversity 
for young children aged 6-24 months.  
In addition to the three pathways, other factors can also affect dietary diversity. For 
example, intrahousehold food allocation may be unequally distributed due to age and 
gender biases, and seasonal food shortages (Abdullah & Wheeler 1985; Gittelsohn 1991; 
Luo et al 2001). Girls and women of reproductive age in certain countries in East and 
South Asia are often discriminated against when it comes to intrahousehold food 
allocation (Gittelsohn 1991; Luo et al. 2001; Madjdian & Bras 2016; Murphy et al. 2011; 
Rahman 2018). In some rural villages in Bangladesh and the Philippines, children under 
five years old receive proportionately lower energy and protein intakes compared to the 
household’s adult males (Abdullah & Wheeler 1985; Senauer et al. 1988). Hence, Finaret 
et al. (2018) suggested examining different age groups, including schoolchildren and 
adolescents, since most nutrition intervention programs only focus on children under five 
years of age. These associations are further influenced by other confounding factors like 
geography, ethnicity, religion, and education, among others.  
This paper helps bridge a gap in the literature by considering all three pathways to 
estimate the empirical link between vegetable production diversity, market engagement, 
women’s empowerment, and the dietary diversity of children aged six months to 17 years. 
We use a unique cross-sectional data set collected in 2016 in Lao Cai province, northwest 
Vietnam. The province is a temperate vegetable-producing region in the Northern 
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Midlands and Mountainous region of Vietnam. It is an ideal research location for several 
reasons. Firstly, the province is among the poorest in Vietnam, with 22 per cent of its 
population living below the poverty line (Lao Cai Statistics Office 2017). Secondly, the 
region is home to many ethnic minority groups, which are considered to be among the 
most vulnerable groups in the country (Kozel 2014). Generally, they show preference for 
sons, due to their patriarchal and patrilocal clan system (Jones et al. 2014). Boys play 
significant cultural and economic roles, especially in religious rituals, in continuing the 
family heritage and in providing support to parents during old age (Jones et al. 2014). 
Thirdly, while many rural households are dependent on farming as the main source of 
their livelihoods, with many growing vegetables for their own consumption due to small 
landholdings (International Food Policy Research Institute 2002), vegetable consumption 
per capita remains low20 (GSO 2012).  
Fourthly, the region has the highest rates of child marriage (19%), where women marry 
before their eighteenth birthday (UNICEF & UNFPA 2018). Evidence shows that early 
marriages and premature childbearing can have a negative effect on maternal health (Goli 
et al. 2015), which can be transferred to her offspring (Parsons et al. 2015). 
Lastly, many households are poor due to a “spatial trap”; i.e. their remoteness limits 
their access to resources like health, education, infrastructure and credit, and they may be 
isolated from both input and output markets (Dang 2012; Epprecht et al. 2009; Kozel 
2014). Furthermore, their strong adherence to cultural traditions versus acceptance of new 
                                                 
20 Vegetable intake of 24 kg/cap/year (67g/capita/day) from GSO (2012, p. 283). These should be 
taken with caution as the national average values differ by source– FAOSTAT has 148 
kg/capita/year for 2013 (FAOSTAT 2018) while the National Institute of Nutrition (NIN) has 72 
kg/capita/year for 2009 (or about 195g/capita/day) (NIN & UNICEF 2011, p. 28) which are both 
higher than Vietnam Household Living Standards Survey (VHLSS) estimates. 
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agronomic technological innovations that offer opportunities to improve productivity and 
efficiency is also a major factor to their poverty (Bonnin & Turner 2012). 
The remainder of this paper is divided into four sections. The Data section includes 
information on the selection of the target sites and rural households, dietary assessment 
using the 24-hour recall methodology, the derivation of the Dietary Diversity Score, the 
econometric estimation strategy, and the list of vegetables consumed and produced. The 
Results section discusses the relationships between children’s and adolescents’ dietary 
diversity and subsistence production (pathway 1); market engagement (pathway 2); and 
women’s empowerment in agriculture (pathway 3), while also controlling for a number 
of other important covariates in the regression models. Regressions are estimated using 
pooled, age- and gender-disaggregated samples. The Summary, Discussion, and 
Limitations section summarises the findings and the limitations of this work, and provide 
recommendations for further research. 
2.2 Data 
The authors gathered the data set analysed in this study as part of an extensive rural 
household survey conducted in July-August 2016 and November 2016 in Lao Cai 
province, Vietnam. Data was collected in two time periods to capture possible seasonal 
variations in both household consumption and household vegetable production. The 
survey sample included households from four districts (Bac Ha, Sa Pa, Muong Khuong 
and Si Ma Cai). The selection of districts was based on having a minimum elevation of 
600 meters or more above sea level (masl), as temperate vegetable cultivation is best 
achieved at higher altitudes. Figure 2.1 shows the administrative map of the province that 
is colour-coded to indicate geographic heterogeneity. 
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Smallholder households were selected using a stratified multistage sampling strategy. 
Households had to be engaged in agricultural production (of any product, not just 
vegetables) during the past three years to qualify for the study. Communes in the four 
selected districts were grouped using the median elevation and median vegetable density 
per capita data. From the elevation and vegetable density per capita data, each commune 
was coded as either low elevation (<=1335 meters) or high elevation (>1335 meters), and 
low vegetable density per capita (<=98) or high vegetable density per capita (>98). Then, 
communes were categorised into four strata: low vegetable density per capita-low 
elevation (LV-LA); low vegetable density per capita-high elevation (LV-HA); high 
vegetable density per capita-low evaluation (HV-LA); and high vegetable density per 
capita-high elevation (HV-HA). Finally, three communes in each stratum, and four 
villages per commune were randomly selected21. In each village, ten households were 
randomly selected from a list of households provided by the rural commune 
(xã)/commune-level town (thị trấn) administrative officers, yielding 510 households 
from 51 villages in 13 communes.  
Detailed information was collected on household and individual food consumption 
patterns, women’s empowerment, farm production and crop disposals, market 
engagement, and sociodemographic. Data for each member of the household were 
collected to measure intrahousehold differences in consumption behaviour. In each 
household, the main food preparer was interviewed, along with the household head (or 
the spouse, if the main food preparer was the household head). 
                                                 
21 We purposely included one commune and three villages in Sa Pa district to be of some benefit 
to the project (AGB/2012/059) which funded this research. 
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Our analyses focused on households with children aged six months to 17 years. After 
excluding households in the sample with incomplete information for the variables, the 
final sample consisted of 653 children from 298 households who have complete 
information in the two survey periods. 
2.2.1 Dietary assessment using the 24-hour food recall 
Data on food variety and the patterns of consumption were collected using the 24-hour 
food recall methodology, which is a common method of acquiring individual 
consumption data (Baranowski 2012; Thompson & Subar 2013). The 24-hour recall is 
based on an individual’s recall of the quantities of food consumed during the previous 24 
hours. One of its advantage over other methods is that it minimizes potential recall bias 
due to the shorter recall period. However, it also suffers from within-person random error 
since it only captures a snapshot of individual consumption patterns that could vary day-
to-day.  
One solution to address the within-person random error from only one 24-hour recall 
period is repeated administration of the 24-hour recall, with the number of reference 
periods varying, depending on the observed day-to-day variability of individual food 
consumption (Baranowski 2012; Gibson & Ferguson 2008). In this study, we used three 
reference periods or data collection days: two 24-hour periods in July-August 2016 (round 
1), and one 24-hour period in November 2016 (round 2). In the first survey round, we 
selected non-consecutive reference periods: one weekday and one weekend day.  
The decision to collect on both a weekday and a non-consecutive weekend day was 
based on an intensive ethnographic study conducted with selected households in the study 
area in July and August 2015 (Sec 1.10.3). The ethnographic study was conducted to 
understand household consumption and shopping behaviours, and to assess the variability 
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in consumption, if any, between ordinary days (weekdays) and the weekend, which was 
when local markets were generally held. We observed that the relevant households had 
relatively homogenous diets daily, and thus, within-person random error would not likely 
pose a serious problem. This means that the type of food normally consumed by the 
household and its individuals does not vary significantly day-to-day, and therefore will 
not likely be a source of measurement error when estimating an individual’s usual intake. 
However, we observed that food consumption differed on weekend days compared to 
weekdays for households that participated in local weekend markets. Also, because 
consumption of leftover food the following day was quite common, dietary intake was 
collected in two non-consecutive days, one weekday and one weekend day. In the second 
survey round, we were only able to collect food consumption data on one day of the week 
due to budgetary restrictions. 
The food consumption module was composed of two sections. In the first section, the 
respondent was asked to list and provide the quantity of all dishes and individual food 
items served to all household members in each reference period. The list included both 
food prepared at home and those sourced elsewhere, including food eaten away from 
home. Then, we asked about the intrahousehold food consumption, or the amount 
consumed by each household member. If other household members were in the house 
during the time of the interview, they were asked to participate to confirm and verify their 
consumption. The second part contained the list of ingredients used in all home-cooked 
dishes mentioned in the first section. 
2.2.2 Development of the Dietary Diversity Score (DDS) 
The intrahousehold food consumption data allowed us to calculate the individual Dietary 
Diversity Score (DDS), defined as a simple unweighted count of the number of unique 
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food groups consumed by an individual household member in each reference period. In 
this study, the DDS ranges from 1 to 14, and is based on the 14 food groups in the 
Vietnamese Food Composition Table 2007 edition22: cereal and products; starchy roots 
and tubers; nuts and beans; vegetables; fruits and berries; oils, fats and butters; meat, 
poultry game and its products; fish, shellfish, and products; eggs and products; milk and 
milk products; canned products; sugars, preserves and confectionery; soft drinks and 
other beverages including alcoholic drinks; and spices and sauces23.  
The derivation of the DDS considers all food items consumed by an individual in each 
reference period. These food items are classified three ways: (a) home-cooked meals; and 
food sourced elsewhere, either purchased or provided by relatives and/or neighbours, 
composed of (b) cooked meals, and (c) specific food items (uncooked) that were directly 
consumed by children, e.g. bread, branded milk, fresh fruits and raw vegetables, candies, 
chips, and juices. The individual DDS is the mean DDS of the two survey periods. 
2.2.3 Empirical approach 
Our empirical analyses consider the three pathways discussed previously that can link 
vegetable production to dietary diversity, while controlling for child, food preparer, and 
other household characteristics. Specifically, we estimated the DDS or the number of 
unique food groups of child i taken care of by food preparer j in household h, using the 
following equation (1): 
𝐷𝐷𝑆𝑖𝑗ℎ = 𝛼𝑖 +  𝑉ℎ + 𝜆𝑀ℎ +  𝜓𝐺ℎ + ’𝑯𝑯ℎ  +  ’𝑪𝑯𝑖  +  ’𝑭𝑷𝑗 + 𝑖𝑗ℎ                  (1) 
                                                 
22 The food groups in the 1994 and the 2007 versions of the Vietnamese Food Composition Tables 
are similar, except that the ordering of food group “softdrink, beverages, alcoholic beverages 
(13)” and “condiments and traditional sauces (14)” are interchanged. 




Vh is the unweighted count of the number of unique vegetables grown by household h 
where individual i resides; and Vh provides insight on pathway 1. Vegetable production 
diversity (Vh or VegDiversity) was assessed by asking the respondent about the types of 
vegetables cultivated and harvested (crop output and disposal) by the household in the 
previous 12 months prior to July/August 2016 (Keding et al. 2012). We expect the effect 
of VegDiversity on DDS to be positive and significant. 
Mh is a vector of household market engagement variables that address pathway 2 and 
includes market access and market participation. Market engagement is an essential factor 
in the study of food security and nutritional outcomes as the impact of agriculture on 
nutrition can either be direct (consumption of own production), indirect (the income effect 
from semi-commercial production, and market proximity), or both (Aberman et al. 2015; 
Darrouzet-Nardi & Masters 2015; Minot et al. 2006).  
Market access is often measured using distance to market or travel time (Koppmair et 
al. 2017; Meerman et al 2015; Sibhatu et al. 2015). In this study, we use the variable 
TimeMarketh as proxy for market access, which is the travel time (one-way) from the 
residence to the nearest food market, because it takes into account road quality, terrain, 
transport networks, and the best available means of transportation (in most cases, the use 
of self-owned or rented motorbikes) (Epprecht et al. 2009). Furthermore, many 
households had difficulty estimating distance, which is likely due to the serpentine nature 
of the roads in these mountainous areas. Households with improved physical market 
access may have more diverse diets through: (1) improved access to a wider variety of 
food for purchase, and (2) improved access to a place to sell their food products and 
generate cash income that can be used for purchasing diverse food products. Therefore, 
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longer travel times to the nearest food market are expected to have a negative relationship 
with children’s dietary diversity since certain food groups can only be purchased at the 
market. 
We use the variable VegValueSold as a proxy for market participation (Meerman et al. 
2015). VegValueSold is the value of the vegetables sold (to any market outlet) as a share 
of total vegetable production in the previous 12 months prior to July/August 2016. 
Households who actively participate in markets by selling their agricultural produce are 
able to use the additional income to purchase either a wide variety of food products or 
other goods.  
Gh are the weighted individual women’s empowerment scores based on the modified 
Abbreviated-Women’s Empowerment in Agriculture Index (A-WEAI) (Malapit et al. 
2015b), and is used to address pathway 3. There are six indicators included in the 
modified A-WEAI: input in productive decisions (AgDecision); ownership of assets 
(Asset); access to and decisions on credit (Credit); control over income (Income); group 
membership (Group); and workload (WorkAway). In our analyses, we used Credit, 
Income, Group, and WorkAway. AgDecision was correlated with Income (r=0.30), and 
all women decision-makers own at least two assets (Asset) indicating adequacy. Credit, 
Income, and Group are weighted women’s empowerment or adequacy scores. Each 
indicator is assigned a value of 1 if the woman’s (secondary decision-maker in the 
household) achievement is adequate, and 0 if otherwise (Malapit et al. 2015b). These 
dummy variables are multiplied by their assigned weights to derive the weighted 
women’s empowerment or adequacy scores. Credit has a weight of 0.07, while Income 
and Group each has a weight of 0.20 (Malapit et al. 2015b).  
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WorkAway is a weighted women’s disempowerment or inadequacy score. An 
individual is assigned a value of 1 (inadequacy) if she worked away from home for more 
than 10.50 hours in the past 24 hours, and 0 if otherwise. The weighted inadequacy score 
for WorkAway is derived by multiplying the inadequacy dummy variable by 0.20. Except 
for WorkAway, we expect the marginal effects of Credit, Income, and Group to be positive 
and significant. Women’s ability to have access to credit, to control the resources at home, 
to select and spend on diverse and nutritious food for the family will have a strong positive 
effect on children’s dietary diversity. Conversely, we expect a negative correlation 
between WorkAway and DDS since working longer hours in the field means less time to 
plan and prepare diverse and nutritious food for the family. 
We also control for other confounding variables: household characteristics (HHh), 
child characteristics (CHi), and food preparer characteristics (FPj). HHh is a vector of 
household characteristics including the geographic stratum to which the commune 
belongs, according to elevation and vegetable density per capita (LV-LA, LV-HA, HV-LA, 
and HV-HA), monthly food expenditure per capita (FoodExp_pc), monthly non-food 
expenditure per capita (NonFoodExp_pc), total cultivated area (Area), and the number of 
years the household has engaged in vegetable cultivation (Experience).  
CHi is a vector of child-related controls that include age (AgeChild) and a dummy for 
male children (MaleChild). The variables in vector FPj are controls for food preparer 
characteristics that include age (AgeFoodPrep), education (EducFoodPrep), and 
dummies for women as food preparers (FemaleFoodPrep) and belonging to the Mong 
ethnic minority (MongFoodPrep). ijh is an error term. 
We use a Poisson model due to the count nature of the dependent variable DDS 
(Cameron & Trivedi 1998). The Poisson estimator assumes equidispersion; i.e, the 
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conditional mean of the dependent variable should equal the conditional variance. This is 
commonly violated in practice (Wooldridge 2010). Since we suspect problems of 
underdispersion in our data, we estimated the association using Poisson Generalised 
Linear Model (Poisson GLM) (Wooldridge 2010), using robust standard errors, clustered 
at the household level, to correct for intrahousehold correlation of standard errors 
(Cameron & Trivedi 2010). For ease of interpretation, the marginal effects are reported 
for all explanatory variables for the Poisson GLM estimates. The marginal effects 
describe how an individual’s dietary diversity score (DDS) changes when a regressor 
changes by one unit. Results using ordinary least squares (OLS) are shown in Appendix 
Table A2.8. 
Except for TimeMarket, six main variables of interest (VegDiversity, VegValueSold, 
Credit, Income, Group, and WorkAway) are potentially endogenous. While we have 
instruments to address the endogeneity of VegDiversity and VegValueSold, our existing 
data does not have instruments for the four women’s empowerment indicators. Therefore, 
the subsequent analyses only present associations and not causal relationships between 
our main variables of interests and DDS. 
We use Stata v15.1 (StataCorp, College Station, TX) for the descriptive and statistical 
analyses. The succeeding analyses focus on children with complete information in both 
survey periods. In addition to the pooled sample, we estimated eight other regressions to 
examine the relationship by age group (children six months to five years, and greater than 
five to 17 years old), and gender (boys and girls), to identify any differential effects.  
2.2.4 Characteristics of the sample  
Table 2.1 provides the descriptive statistics of the variables included in our analysis for 
the pooled sample. The complete descriptive statistics by age group and gender are in 
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Appendix Table A2.4. Our sample is composed of 298 households with children and 
adolescents six months to 17 years. The total number of observations is 653, composed 
of 334 boys (51%) and 319 girls (49%). The average age of children in our sample is 8.33 
years.  
In our sample, a typical rural household cultivated three vegetables on average during 
the last 12 months. The nearest food market is 0.39 hours away, for a one-way trip, 
regardless of the transport type. For those who sell at least some of their vegetable crop, 
the share of vegetables sold is, on average, 20 per cent of the total value of vegetable 
production. 
The women decision-makers in our sample households are relatively empowered in 
terms of group membership (68%) and having the ability to make decisions about the 
household income (80%), while those who have accessed and made decisions about credit 
constitute only 29 per cent. More than half in the sample have women decision-makers 
working more than 10.50 hours per day (63%). 
A typical rural household spends a monthly average per capita of 0.55 million VND 
(US$24.59) on food and 0.76 million VND (US$33.97) on non-food, totalling 1.31 
million VND (US$58.56) monthly expenditure per capita. This is relatively small 
compared to the 2.20 million VND (US$98.35) which is the national average monthly 
expenditure per capita (CEIC 2018). In rural areas across Vietnam, the average monthly 
income per capita is 2.42 million VND (US$108.31) (CEIC 2017).  
A typical farmer has a cultivated area of 1.07 ha, and has, on average, 15.50 years of 
experience in vegetable cultivation.  
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The majority of the main food preparers are women (82%)24, are of Mong ethnicity 
(74%), and are, on average, 35 years of age. Many have not attended school (58%) and 
only 34 per cent reached primary and/or lower secondary level.  
2.2.5 Dietary diversity score (DDS) of children and adolescents 
The average DDS of children in the sample is 4.31 (Table 2.1). Table 2.2 provides 
information on the main food groups commonly consumed, and the share of children and 
adolescents consuming each food group consumption by age group and gender. In general 
(Panel 1), the five main food groups commonly consumed by children and adolescents 
are: cereals and related products (99%); vegetables, including fresh and dried (97%); 
spices and sauces (95%); oils, fats and butter (72%); and meat, poultry game, and its 
products (51%). The consumption of fruits, and starchy roots and tubers, are the lowest 
of the 14 food groups. These results are evident for both boys and girls in all age groups. 
Figure 2.2 shows the mean dietary diversity scores of children and adolescents in the 
province by gender. For both boys and girls, we observe an increase in the number of 
food groups consumed between six months to five years of age, and DDS levels off from 
five years old onwards (red line). 
2.2.6 Description of vegetables consumed 
Table A2.6a and Table A2.6b show the detailed list of vegetables from the 24-hour food 
recall data that have been consumed during the two survey rounds, respectively. They are 
the vegetables that are categorized under the food group “Vegetables” (see Sec 2.2.2). In 
general, the vegetables that are commonly consumed in both rounds are pumpkin fruit, 
                                                 
24 For the 18% male food decision-makers/preparers, the females/wives are likely either 
working (as either self-employed or as farm labourer), working outside the district/province and 
thus, not included in the household roster, or they are divorced or deceased. 
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chili pepper, mustard greens, bamboo shoot, chayote fruit, tomato, cabbage, onion, and 
garlic.  
Other crops such as pumpkin leaves, kangkong, winter melon, Sauropus, cucumber, 
and sponge gourd are also commonly consumed in July/August 2016 (Table A2.6a). 
Chinese cabbage, green peas, and young pea leaves are available for consumption in 
November 2016 (Table A2.6b). With the exception of garlic, these vegetables are mainly 
sourced from their own home garden or farm (>50%) (Figure A2.3a and Figure A2.3b). 
Cabbage is both sourced from own farm and purchased from the market during 
July/August 2016, which is considered the early cabbage season. During the main 
harvesting period (November-February), cabbage is mostly sourced from own 
production.  
2.2.7 Description of vegetables produced 
Table A2.7 show the variety of vegetables cultivated by the sampled households in the 
previous 12 months prior to the survey. These vegetables are used to compute the 
vegetable production diversity of each household (see Sec 2.2.3). In general, the sampled 
households cultivate coriander, pumpkin, kale, cabbage, rau, chayote, cucumber, Mong 
mustard, mustard greens, chili pepper, bí, turnip, kohlrabi, kangkong, onion, bamboo 
shoot, ginger root, tomato, Sauropus, cải ngồng, garlic, sponge gourd, and sweet potato 
leaves. Almost all sampled households grow coriander, while about a third grow pumpkin 
and kale. Less than 20% of the sampled households cultivate the other crops. 
The vegetables that generate cash income for the sampled households are: chayote fruit 
and leaves, ginger root, tomato, bamboo shoot, mustard greens, Mong mustard, kohlrabi, 
and cải ngồng (Figure A2.4). Vegetables that are mainly cultivated for home consumption 
are: sweet potato leaves, bí, Sauropus, onion, pumpkin fruit and leaves, garlic, kangkong, 
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kale, chili pepper, cucumber, rau, coriander, turnip, and sponge gourd. Cabbage is 
commonly sold and consumed at home depending on the season, while sponge gourd is 
commonly given as gift or used for seed storage. 
2.3 Results 
Table 2.3 shows the effects of vegetable production diversity (VegDiversity), market 
access (TimeMarket), market participation (VegValueSold), and women’s empowerment 
(Credit, Income, Group, WorkAway) on the dietary diversity score (DDS) for the pooled 
(Panel 1) sample of children and subsamples (Panels 2-9), while controlling for other 
covariates. Overall, we did not find any significant association between DDS and 
VegDiversity or any of the women’s empowerment indicators. As initially hypothesised, 
we find positive associations between DDS and both market engagement variables: 
proximity to market (TimeMarket) and income from vegetable production 
(VegValueSold). The positive association between TimeMarket and DDS is consistent 
across all age groups and gender. For VegValueSold, the positive association with DDS 
varies by age group and gender. In the subsequent subsections, we will discuss the 
significant coefficients for the pathway variables, and for all covariates in more detail.  
2.3.1 Market access and dietary diversity 
Dietary diversity (DDS) decreases for every additional hour in travel time (one-way) to 
the nearest market (TimeMarket). Therefore, closer proximity to market is positively 
associated with DDS, and these positive associations are consistent across age groups and 
gender. Closer proximity to market improves the dietary diversity of both boys and girls 
significantly (Panels 4-5, p<0.01), especially among schoolchildren and adolescents 
(Panels 3, 8 and 9, p<0.01). The effect size is larger for girls (Panels 7 and 9) compared 
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to boys. For instance, having access to markets can increase a young girl’s DDS by 1.71 
food groups (Panel 7, p<0.05). 
2.3.2 Market participation and dietary diversity 
Dietary diversity increases for every additional unit in income from vegetable production 
(VegValueSold). The positive association is observed especially among schoolchildren 
and adolescents (Panel 3), boys in general (Panel 4), and older boys in particular (Panel 
8) (p<0.01). However, the effect size is negligible. 
2.3.3 Household characteristics and dietary diversity 
Dietary diversity increases with monthly food expenditure per capita (FoodExp_pc) and 
non-food expenditure per capita (NonFoodExp_pc), which are both measures of wealth. 
However, the significance and magnitude of the association varies by age group and 
gender. For instance, the marginal effect of FoodExp_pc on DDS in the pooled sample 
(Panel 1) is small and only significant at the p<0.10 level, whereas it is relatively larger 
(marginal effect of 0.56) and significant at the p<0.05 level for older boys (Panel 8), but 
it is not significant for younger boys or girls of any age. 
For NonFoodExp_pc, a one-unit increase leads to positive and significant increase in 
the DDS, especially for young children (0.16-unit increase, Panel 2, p<0.01), and for 
young boys in particular (0.26-unit increase, Panel 6, p<0.01). We also find significant 
increases in the DDS of schoolchildren and adolescents (Panel 3), boys and girls in 
general (Panels 4-5), and older boys (Panel 8), but the effect sizes are smaller.  
Another measure of household wealth, Area, was also significant, but only in the case 
of older girls, where a one-unit increase in total cultivated area is associated with an 
increase in older girls’ DDS by 0.14 units (Panel 9, p<0.01). 
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The DDS of young boys in high vegetable-producing areas, HV-LA and HV-HA, is 
significantly higher than the reference stratum (LV-LA) by 0.74 units (p<0.05) and 0.86 
units (p<0.01), respectively. 
2.3.4 Child characteristics and dietary diversity 
A young child’s age (AgeChild) and being a male child (MaleChild) are significantly and 
positively associated with DDS. For children five years of age or younger, a one-year 
increase in AgeChild is associated with a 0.27-unit increase (p<0.01) in their dietary 
diversity score (Panel 2). This positive association is true for both young boys and girls 
(Panels 6-7), and is largest for young girls (0.30, p<0.01). The effect of being a male child 
(MaleChild) on DDS is associated with a higher DDS of 0.38 units (Panel 2, p<0.05) for 
young children. This is also illustrated in Figure 2.2. 
2.3.5 Food preparer characteristics and dietary diversity 
The gender (FemaleFoodPrep) education (EducFoodPrep), and ethnicity 
(MongFoodPrep) of the food preparer show significant associations with DDS. Being a 
female food preparer (FemaleFoodPrep) marginally increases the DDS. A significant 
association is only observed for boys (Panel 4), particularly for older boys (Panel 8), 
increasing their dietary diversity score by 0.30 unit (p<0.05). 
With the exception of younger girls (Panel 7), the educational level of the food 
preparer is positively associated with DDS for children of all age groups and gender. A 
one-year increase in EducFoodPrep is associated with a 0.10-unit to 0.20-unit increase in 
the DDS of these children and adolescents. The effect size is relatively bigger for younger 
boys (0.16, Panel 6, p<0.05) and older girls (0.16, Panel 9, p<0.01).  
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Belonging to the Mong ethnic group (MongFoodPrep) is negatively associated with 
the DDS of both boys and girls, but the association is age-specific. It only significantly 
affects schoolchildren and adolescents (Panels 3-5, 8 and 9); their DDS are lowered by 
0.47 to 0.53 (p<0.01) if the food preparer is of Mong ethnicity compared to food preparers 
in other ethnic minority groups (Kinh, Nung, Dao, Tay, Bo Y, Phu La-Xa Pho, and other 
groups). 
2.4 Summary, Discussion, and Limitations 
This study was carried out to investigate if and how vegetable production diversity, 
market engagement (both market access and market participation), and women’s 
empowerment were associated with children’s and adolescents’ dietary diversity. Our 
sample considered smallholder households from a remote and relatively low 
socioeconomic region of Lao Cai province, Vietnam. As discussed in the Introduction, 
previous literature suggests that household production of agricultural products such as 
vegetables can lead to improvements in the diets of household members through three 
main pathways. 
We find strong evidence that children from vegetable-producing households, which 
are able to engage more in markets, through both improved market access and market 
participation, have more diverse diets. This association is especially strong for 
schoolchildren and adolescents for both measures of market engagement that were 
considered. The positive association we hypothesised between dietary diversity and the 
two other pathways: vegetable production diversity (pathway 1) and women’s 
empowerment (pathway 2), were not found. 
With respect to having physical access to markets (TimeMarket), the size of the 
marginal effect is notably larger for girls, with a one-unit increase in the travel time to the 
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nearest market decreasing their dietary diversity scores by at least one and up to two (for 
girls aged five years and below) food groups. This strong gender result is quite interesting, 
yet it is unclear why the effect of proximity to markets is so strong for girls versus boys.  
Conversely, market participation (VegValueSold), the other measure of market 
engagement, was only significant in the analyses of two subsamples: boys in general and 
boys over the age of five. However, the marginal effects were relatively modest. This 
could be because the vegetables sold as a share of total vegetable production was minimal 
(roughly 20% on average) for about 44 per cent of our households with children.  
These results suggest that the ability of farmers to engage in markets, both through 
physical access (proximity to markets) and as a market participant selling vegetables, is 
crucial to improving the dietary diversity of both boys and girls in all age groups from 
vegetable-farming households. These findings are consistent with other studies that have 
identified diversified agricultural production as less important compared to market 
engagement in improving children’s dietary diversity in developing countries (e.g. 
Sibhatu et al. (2015)); and support other studies showing a link between food markets and 
dietary diversity (Abay & Hirvonen 2016; Koppmair et al. 2017).  
In general, it is difficult to compare the results of women’s empowerment with other 
studies in Southeast Asia due to inter-country differences related to culture, religion, 
family systems or socio-political values (Akter et al. 2017). The few studies that have 
used WEAI have shown mixed results in finding associations between women’s 
empowerment and young children’s diets. For instance, Yimer and Tadesse (2015) found 
women’s empowerment is positively associated with young children’s and women’s 
dietary diversity in Ethiopia. In Ghana and Nepal, Malapit and Quisumbing (2015) and 
Malapit et al. (2015a) find weak or no associations between indicators of women’s 
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empowerment and the diets of young children under five years. These mixed findings 
merit further investigation to test the validity of women’s empowerment measures on 
children’s diets in cross-cultural settings. 
In addition to the three pathways, we also considered other household and individual 
characteristics as covariates. The results show that household income, as proxied by 
household expenditure, is a significant determinant of dietary diversity (Jones  et al. 2014; 
Rashid et al. 2011; Ruel et al. 2005). Poverty limits a household’s ability to access 
adequate and nutritious food, education, health services and care, and a clean environment 
(Alderman et al. 2013). Svedberg (2004) found an inverse association between real 
income per capita and child stunting and wasting from 1998-2002 for aggregated data 
from more than 48 countries. However, increasing income does not automatically 
translate to improved diets. It also depends on how households choose to invest in health-
promoting non-food items like deworming (short-term), education or housing (long-
term), or in their food choice motivations (Behrman et al. 2004; Kennedy 1994). Hence, 
in some cases, it might be a case of poor dietary choices instead of a lack of economic 
and physical access to food that contributes to low dietary diversity. 
Other covariates, for instance, the child’s age and gender, and the food preparer’s 
gender, education and ethnicity, were also significantly associated with the dietary 
diversity of children in this study.  
What do these results imply for smallholder producers in northwest Vietnam? Our 
results point at issues that required further study to determine whether there is a causal 
relationship between these variables, and not just a correlation. If that is the case, there is 
a need to either create and/or improve existing linkages between smallholder vegetable 
producers and markets. The type of linkage needed will depend on the specific conditions 
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in each locality: farmer-to-trader linkage, farmer-to-retailer linkage, or creation of farmer 
groups or cooperatives. There are about 733 collaborative farmer groups and 45 
cooperatives in the province (ILRI 2014). While markets present great opportunities for 
rural farmers to increase their livelihoods, it can also lead to high transaction costs if they 
are not suitably adapted to the locality, thus inducing some households to opt out of 
market participation (Fackler & Goodwin 2001; Renkow et al. 2004). 
Our results further suggest that in addition to providing income-generating 
opportunities for these households, future interventions could also incorporate the 
following factors that are strongly associated with children’s and adolescents’ diets. The 
first is to promote education among the Mong ethnic minority group, who has had the 
lowest literacy rates among the other major ethnic groups (GSO 2011), because higher 
educational attainment among food preparers increases the allocative efficiency of health 
production. Education provides access to more information on balanced diets and 
nutrition, which translates to better nutritional knowledge and better feeding practices 
(Makate & Makate 2017), and therefore higher demand for diverse foods (Moon et al. 
2002) and healthy food choices (Variyam et al. 1998). One study in Vietnam (Nguyen et 
al. 2013) found that children whose mothers had reached high school education were 1.7 
times more likely to achieve the minimum dietary diversity than those mothers who did 
not go to school. Among Mong food preparers, improving their nutritional knowledge, 
by providing them information about healthy eating, could be included in the design of 
any future health-promoting intervention. Young children from ethnic minority groups 
(Thai-Muong, Tay-Nung, E De-Mnong) suffer lower dietary diversity compared to the 
children of Kinh mothers since ethnic minority mothers give their young children fewer 
legumes and nuts, dairy products, flesh foods, and vitamin-A rich fruits and vegetables 
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(Nguyen et al. 2016). While the aim is not to impose change on their ethnic heritage, 
nutritional education could highlight the benefits of diversified diets, which can translate 
to better child nutritional outcomes. Nutritional education can increase children’s dietary 
diversity, as shown by previous studies in Cambodia, Malawi, and Western Kenya 
(Kuchenbecker et al. 2017; Reinbott et al. 2016; Waswa et al. 2015). When dietary 
diversity is promoted through nutritional education, it can be easily integrated into the 
local knowledge (Powell et al. 2017).  
Furthermore, our results indicate a preference for boys25 among the ethnic minority 
groups, and boys’ dietary diversity is accordingly significantly higher than girls’. Having 
a female food preparer significantly increases the dietary diversity of older boys 
compared to having a male food preparer. Therefore, nutrition education can also be used 
to highlight how the preference for sons, culturally entrenched among the Mong (Jones, 
N et al. 2014), may have important adverse consequences for girls’ health and 
development. These effects can then be passed on to the succeeding generation (an 
intergenerational cycle of malnutrition) since the health and nutrition status of women, 
children, and adolescents are intimately linked (Branca et al. 2015; Walker et al. 2015). 
This vicious cycle can be remedied by improving girls’ dietary diversity at an early age, 
as well as by ensuring the health and nutritional status of women throughout all life-
stages. 
Lastly, intervention can be targeted towards young children in the low-lying and low 
vegetable density per capita areas to improve their dietary quality. Young children in the 
high vegetable production diversity and high-altitude areas have higher dietary diversity 
                                                 
25 Son preference stems from the patriarchal and patrilocal clan system among these ethnic 
minority communities (details are in Sec 2.1). 
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than those in the low-lying and low vegetable density per capita areas. This could indicate 
that the demand for diverse food also depends on geographic location due to differences 
in the types of food that are available, food consumption patterns, and cultural factors 
(Moon et al. 2002).  
This study has limitations that should be considered. The first concerns the 
measurement of the dietary diversity score. Caution is recommended when comparing the 
mean dietary diversity scores of children and adolescents derived in this study with results 
of previous studies in Vietnam. Other studies that have looked at the relationship between 
young children and maternal dietary diversity used seven and nine food groups, 
respectively, following the FAO and the WHO Infant and Young Child Feeding (IYCF) 
modules (Ali et al. 2013; Humphries et al. 2017; Nguyen et al. 2013). There is no 
international consensus on the way food groupings are constructed (Koppmair et al. 
2017).  
Secondly, we did not address the potential endogeneity problems of our main variables 
of interest (vegetable production diversity, market participation, and the four women’s 
empowerment indicators) due to the absence of strong instruments; therefore, we can only 
discuss associations, not causality. Future research should consider ways to address the 
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Figure 2.2 Dietary Diversity Score (DDS) of children aged six months (0.5 years) to 




Table 2.1 Descriptive statistics of key variables in the pooled sample 
Variable Description Mean SD Min Max 
Outcome variable 
DDS Dietary Diversity Score of children aged six months to 17 years 4.31 1.01 1 8.25 
Vegetable production and market engagement 
VegDiversity Number of different types of vegetables produced by the household 
during the last 12 months 
2.77 1.57 0 11 
TimeMarket Travel time from residence to nearest food market (hour) 0.39 0.24 0.07 1.50 
VegValueSold Share (%) of the total value of vegetables produced by household 
that was sold  
20.25 27.94 0 100 
Women’s empowerment (weighted scores) 
Credit Woman has access to and can make decisions on credit 0.02 0.03 0 0.07 
Income Woman has control over use of household income 0.16 0.08 0 0.20 
Group Woman is an active member of a group 0.14 0.09 0 0.20 
WorkAway Woman's workload is more than the time poverty line of 10.50 
hours† 
0.13 0.10 0 0.20 
Household characteristics 
LV-LA Commune is classified as low vegetable density per capita-low 
altitude area (1=yes, 0=otherwise) 
0.23 0.42 0 1 
LV-HA Commune is classified as low vegetable density per capita-high 
altitude area (1=yes, 0=otherwise) 
0.25 0.43 0 1 
HV-LA Commune is classified as high vegetable density per capita-low 
altitude area (1=yes, 0=otherwise) 
0.21 0.41 0 1 
HV-HA Commune is classified as high vegetable density per capita-high 
altitude area (1=yes, 0=otherwise) 
0.32 0.47 0 1 
FoodExp_pc Monthly food expenditure per capita (million VND) 0.55 7.74 0 197.80 
NonFoodExp_pc Monthly non-food expenditure per capita (million VND) 0.76 1.79 0.04 25.57 




Table 2.1 Continued      
Variable Description Mean SD Min Max 
Experience Number of years household has been engaged in vegetable 
production 
15.48 10.34 0 53 
Child characteristics 
AgeChild Age of child (years) 8.33 4.23 0.50 17 
MaleChild Young child is male (1=yes, 0=female)  0.51 0.50 0 1 
Food preparer characteristics 
AgeFoodPrep Age of food preparer (years)  35.42 9.46 16 69 
FemaleFoodPrep Food preparer is female (1=yes, 0=male) 0.82 0.39 0 1 
EducFoodPrep Highest level of education completed by food preparer: 0=no 
education; 1=nursery; 2=primary (incomplete); 3=primary; 
4=lower secondary; 5=upper secondary; 6=vocational; 
7=university; 8=postgraduate 
1.54 2.04 0 8 
MongFoodPrep Food preparer is Mong (1=yes, 0=otherwise) 0.74 0.44 0 1 
      
Households (number of households in the sample) 298    
Observations (number of children in the sample) 653    
Notes: SD, ‘standard deviation’; Min, ‘Minimum’; Max, ‘Maximum’; VND, ‘Vietnamese Dong’. Table A2.4 shows the full table by age group and gender. 
†Based on derivation of the weighted adequacy in the five domains of empowerment in the modified A-WEAI (Malapit et al. 2015).  





Table 2.2 Food group consumption by age group and gender (%)  
(1) (2) (3) (4) (5) (6) (7) (8) (9) 









1. Cereals and products 99.69 99.39 99.80 100.00 99.37 100.00 98.63 100.00 99.59 
2. Starchy roots and tubers 1.23 0.61 1.43 0.60 1.88 0.00 1.37 0.83 2.03 
3. Nuts and beans 25.73 20.61 27.46 22.75 28.84 23.91 16.44 22.31 32.52 
4. Vegetables, including fresh and dried 97.24 92.73 98.77 96.41 98.12 90.22 95.89 98.76 98.78 
5. Fruits and berries 3.52 2.42 3.89 3.89 3.13 3.26 1.37 4.13 3.66 
6. Oils, fats, and butters 72.43 66.06 74.59 73.65 71.16 68.48 63.01 75.62 73.58 
7. Meat, poultry game, and its products 50.84 44.24 53.07 50.00 51.72 48.91 38.36 50.41 55.69 
8. Fish, shellfish, and products 13.94 15.76 13.32 12.57 15.36 14.13 17.81 11.98 14.63 
9. Eggs and products 14.40 16.97 13.52 15.57 13.17 16.30 17.81 15.29 11.79 
10. Milk and milk products 5.82 14.55 2.87 6.59 5.02 16.30 12.33 2.89 2.85 
11. Canned products - - - - - - - - - 
12. Sugars, preserves, and confectionery 7.35 10.30 6.35 7.49 7.21 16.30 2.74 4.13 8.54 
13. Soft drinks and other beverages, including 
alcoholic drinks 
9.19 9.70 9.02 9.58 8.78 10.87 8.22 9.09 8.94 
14. Spices and sauces 94.64 92.12 95.49 95.21 94.04 91.30 93.15 96.69 94.31 
          
N 653 165 488 334 319 92 73 242 246 
Notes: yr, ‘age in years’; -, ‘no consumption’; %, ‘percentage of individuals within the sample consuming food belonging to a specific food group, based on 
total valid N’.  
Source: Vietnam Rural Household Survey (July-August and November 2016). 
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Table 2.3 Association between vegetable production diversity, market engagement, women’s empowerment, and dietary diversity score 
(DDS) using Poisson GLM, for pooled, age- and gender-disaggregated samples   
Dependent variable: DDS  
(1) (2) (3) (4) (5) (6) (7) (8) (9) 









Vegetable production and market engagement 
VegDiversity 0.020 0.029 0.011 0.022 0.017 -0.044 0.096 0.038 -0.034  
(0.032) (0.055) (0.032) (0.033) (0.044) (0.068) (0.096) (0.033) (0.042) 
TimeMarket -0.804*** -0.914** -0.818*** -0.656*** -1.015*** -0.791* -1.711** -0.615*** -1.003***  
(0.221) (0.370) (0.224) (0.236) (0.309) (0.426) (0.700) (0.233) (0.288) 
VegValueSold 0.005*** 0.002 0.006*** 0.007*** 0.002 0.005* -0.005 0.007*** 0.004  
(0.002) (0.003) (0.002) (0.002) (0.002) (0.003) (0.007) (0.002) (0.003) 
Women’s empowerment 
Credit -2.304 -0.601 -2.535 -1.815 -2.180 3.034 -3.028 -2.804 -2.021  
(1.738) (2.787) (1.950) (1.817) (2.313) (3.513) (4.671) (1.877) (2.539) 
Income 0.087 -0.005 -0.021 0.389 -0.483 -0.109 -0.398 0.160 -0.167  
(0.653) (1.070) (0.674) (0.673) (0.835) (1.297) (1.400) (0.689) (0.905) 
Group 0.520 0.673 0.525 0.108 1.086 -1.145 1.229 0.145 0.829  
(0.616) (1.111) (0.615) (0.611) (0.814) (1.152) (1.942) (0.638) (0.756) 
WorkAway -0.592 0.395 -0.688 -0.887 -0.134 -1.235 0.872 -0.600 -0.852  
(0.541) (0.992) (0.539) (0.544) (0.707) (1.117) (1.484) (0.565) (0.705) 
Household characteristics 
LV-HA (ref: LV-LA) -0.027 -0.059 -0.024 -0.034 -0.050 -0.026 0.171 -0.041 0.033  
(0.167) (0.257) (0.183) (0.179) (0.209) (0.321) (0.423) (0.195) (0.227) 
HV-LA 0.093 0.059 0.066 0.065 0.116 0.737** -0.134 -0.123 0.265  
(0.167) (0.247) (0.184) (0.164) (0.222) (0.286) (0.459) (0.188) (0.234) 
HV-HA 0.093 0.161 0.075 0.111 0.078 0.860*** -0.099 -0.038 0.288  
(0.165) (0.256) (0.175) (0.171) (0.206) (0.322) (0.460) (0.182) (0.216) 
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Table 2.3 Continued          
Dependent variable: DDS  
(1) (2) (3) (4) (5) (6) (7) (8) (9) 









FoodExp_pc 0.003* 0.004** 0.330* 0.002 0.294 0.002 0.693 0.565** 0.028  
(0.001) (0.002) (0.190) (0.001) (0.271) (0.002) (0.686) (0.227) (0.228) 
NonFoodExp_pc 0.056*** 0.159*** 0.033** 0.050*** 0.071** 0.257*** 0.083 0.036*** 0.022  
(0.018) (0.039) (0.015) (0.017) (0.032) (0.084) (0.067) (0.014) (0.028) 
Area -0.014 -0.050 0.036 -0.006 -0.018 0.087 -0.097 -0.007 0.143***  
(0.051) (0.039) (0.055) (0.049) (0.053) (0.072) (0.063) (0.046) (0.046) 
Experience -0.003 -0.008 0.002 -0.001 -0.008 0.002 -0.014 0.004 0.001  
(0.007) (0.010) (0.007) (0.007) (0.010) (0.009) (0.021) (0.008) (0.008) 
Child characteristics 
AgeChild 0.027*** 0.266*** 0.004 0.012 0.047*** 0.171** 0.298*** -0.004 0.0125  
(0.008) (0.065) (0.010) (0.011) (0.013) (0.075) (0.093) (0.015) (0.014) 
MaleChild 0.119* 0.382** 0.043        
(0.066) (0.166) (0.072)       
Food preparer characteristics 
AgeFoodPrep 0.008 0.016 0.001 0.007 0.007 0.006 0.002 0.003 -0.001  
(0.007) (0.011) (0.007) (0.007) (0.010) (0.012) (0.017) (0.008) (0.008) 
FemaleFoodPrep 0.252* 0.329 0.239* 0.318** 0.099 0.215 0.134 0.324** 0.054  
(0.130) (0.225) (0.126) (0.125) (0.201) (0.230) (0.488) (0.136) (0.169) 
EducFoodPrep 0.107*** 0.119** 0.097*** 0.088*** 0.112*** 0.160** 0.073 0.054* 0.155***  
(0.029) (0.056) (0.027) (0.033) (0.036) (0.064) (0.119) (0.033) (0.033) 
MongFoodPrep -0.484*** -0.362* -0.474*** -0.480*** -0.467*** -0.396 -0.205 -0.468*** -0.533***  
(0.134) (0.201) (0.147) (0.154) (0.171) (0.268) (0.335) (0.153) (0.182) 
Constant 1.360*** 1.006*** 1.455*** 1.389*** 1.376*** 1.204*** 1.186*** 1.429*** 1.499*** 
 (0.091) (0.173) (0.093) (0.092) (0.128) (0.175) (0.348) (0.101) (0.115) 
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Table 2.3 Continued          
Dependent variable: DDS  
(1) (2) (3) (4) (5) (6) (7) (8) (9) 









Observations 653 165 488 334 319 92 73 242 246 
Log likelihood -1136 -287.5 -844.7 -578.8 -556 -158.8 -126.2 -417.4 -425.4 
2 202 143.5 210.1 201.6 114.9 171.5 126.6 249.4 138.5 
AIC 3.544 3.739 3.548 3.586 3.612 3.886 4.006 3.615 3.622 
BIC -3985 -700.4 -2823 -1776 -1664 -312.1 -211 -1188 -1210 
Notes: yr, ‘age in years’. Robust standard errors, in parentheses, are clustered at the household level. *** p<0.01, ** p<0.05, * p<0.10. 





Appendix. Descriptive statistics by age group and gender, food group consumption by 
round, list and graphs of vegetables consumed/produced and their main sources, and 
full model estimates using OLS 
Table A2.4 shows the complete descriptive statistics of key variables by age group and 
gender. Table A2.5a and Table A2.5b show the consumption of food groups by age group 
and gender for survey rounds 1 (July-August 2016) and 2 (November 2016), respectively. 
Table A2.6a and Table A2.6b list the vegetables consumed by households in survey 
rounds 1 and 2, respectively. Figure A2.3a and Figure A2.3b map out the main sources 
of vegetables consumed in rounds 1 and 2, respectively. Table A2.7 shows the variety of 
vegetables that were cultivated in the previous 12 months. Table A2.8 shows the full 
model estimates of the association of vegetable production diversity, market engagement, 




Table A2.4 Descriptive statistics of key variables by age group and gender 








Variable Description Mean (SD) 
Outcome variable 
DDS Dietary Diversity Score of children aged six months 
to 17 years 
4.19 (1.16) 4.34 (0.96) 4.34 (0.98) 4.27 (1.05) 4.30 (1.10) 4.06 (1.23) 4.35 (0.93) 4.34 (0.98) 
Vegetable production and market engagement 
VegDiversity Number of different types of vegetables produced 
by the household during the last 12 months 
2.70 (1.51) 2.79 (1.59) 2.70 (1.61) 2.83 (1.52) 2.73 (1.63) 2.66 (1.35) 2.69 (1.60) 2.89 (1.57) 
TimeMarket Travel time from residence to nearest food market 
(hour) 
0.40 (0.24) 0.39 (0.24) 0.41 (0.25) 0.38 (0.23) 0.43 (0.26) 0.37 (0.22) 0.40 (0.25) 0.38 (0.24) 
VegValueSold Share (per cent) of the total value of vegetables 

















Women’s empowerment (weighted scores) 
Credit Woman has access to and can make decisions on 
credit 
0.02 (0.03) 0.02 (0.03) 0.02 (0.03) 0.02 (0.03) 0.02 (0.03) 0.02 (0.03) 0.02 (0.03) 0.02 (0.03) 
Income Woman has control over use of household income 0.16 (0.08) 0.16 (0.08) 0.16 (0.08) 0.16 (0.08) 0.16 (0.08) 0.16 (0.08) 0.16 (0.08) 0.16 (0.08) 
Group Woman is an active member of a group 0.15 (0.09) 0.13 (0.09) 0.14 (0.09) 0.13 (0.09) 0.14 (0.09) 0.15 (0.09) 0.14 (0.09) 0.13 (0.10) 
WorkAway Woman's workload is more than the time poverty 
line of 10.50 hours† 
0.13 (0.09) 0.12 (0.10) 0.13 (0.10) 0.12 (0.10) 0.14 (0.09) 0.12 (0.10) 0.13 (0.10) 0.12 (0.10) 
Household characteristics 
LV-LA Commune is classified as low vegetable density per 
capita-low altitude area (1=yes, 0=otherwise) 
0.24 (0.43) 0.22 (0.41) 0.25 (0.43) 0.20 (0.40) 0.24 (0.43) 0.25 (0.43) 0.25 (0.43) 0.19 (0.39) 
LV-HA Commune is classified as low vegetable density per 
capita-high altitude area (1=yes, 0=otherwise) 
0.21 (0.41) 0.26 (0.44) 0.22 (0.41) 0.28 (0.45) 0.20 (0.40) 0.23 (0.43) 0.22 (0.42) 0.29 (0.45) 
HV-LA Commune is classified as high vegetable density 
per capita-low altitude area (1=yes, 0=otherwise) 
0.21 (0.41) 0.21 (0.41) 0.20 (0.40) 0.22 (0.42) 0.24 (0.43) 0.18 (0.39) 0.19 (0.39) 0.24 (0.43) 
HV-HA Commune is classified as high vegetable density 
per capita-high altitude area (1=yes, 0=otherwise) 
0.33 (0.47) 0.31 (0.46) 0.34 (0.47) 0.30 (0.46) 0.33 (0.47) 0.34 (0.48) 0.34 (0.47) 0.28 (0.45) 
FoodExp_pc Monthly food expenditure per capita (million VND) 1.45 
(15.38) 
0.25 (0.26) 0.84 
(10.81) 
0.25 (0.25) 2.39 
(20.60) 
0.26 (0.26) 0.25 (0.27) 0.25 (0.25) 
NonFoodExp_pc Monthly non-food expenditure per capita (million 
VND) 
0.69 (1.19) 0.78 (1.95) 0.78 (2.02) 0.73 (1.52) 0.65 (0.78) 0.74 (1.56) 0.83 (2.32) 0.72 (1.51) 
Area Total cultivated area (hectare) 1.13 (2.33) 1.04 (1.44) 1.05 (1.57) 1.08 (1.84) 0.94 (1.27) 1.38 (3.19) 1.09 (1.67) 0.99 (1.18) 






















Table A2.4 Continued          








Variable Description Mean (SD) 
Child characteristics 
AgeChild Age of child (years) 3.13 (1.23) 10.09 
(3.34) 
7.97 (4.14) 8.71 (4.30) 3.02 (1.18) 3.27 (1.30) 9.85 (3.20) 10.33 
(3.47) 
MaleChild Young child is male (1=yes, 0=female)  0.56 (0.50) 0.50 (0.50)       
Food preparer characteristics 
















FemaleFoodPrep Food preparer is female (1=yes, 0=male) 0.80 (0.40) 0.83 (0.38) 0.79 (0.41) 0.85 (0.36) 0.80 (0.40) 0.79 (0.41) 0.79 (0.41) 0.86 (0.35) 
EducFoodPrep Highest level of education completed by food 
preparer: 0=no education; 1=nursery; 2=primary 
(incomplete); 3=primary; 4=lower secondary; 
5=upper secondary; 6=vocational; 7=university; 
8=postgraduate 
2.25 (2.12) 1.30 (1.96) 1.50 (2.02) 1.59 (2.06) 2.08 (2.03) 2.47 (2.21) 1.28 (1.98) 1.33 (1.94) 
MongFoodPrep Food preparer is Mong (1=yes, 0=otherwise) 0.70 (0.46) 0.76 (0.43) 0.75 (0.44) 0.74 (0.44) 0.72 (0.45) 0.68 (0.47) 0.76 (0.43) 0.76 (0.43) 
         
Observations (number of children in the sample) 165 488 334 319 92 73 242 246 
Notes: SD, ‘standard deviation’; Min, ‘Minimum’; Max, ‘Maximum’; VND, ‘Vietnamese Dong’.  
†Based on derivation of the weighted adequacy in the five domains of empowerment in the modified A-WEAI (Malapit et al. 2015).   
Source: Vietnam Rural Household Survey (July-August and November 2016).  
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Table A2.5a Food group consumption by age group and gender in survey round 1 (%)  
(1) (2) (3) (4) (5) (6) (7) (8) (9) 









1. Cereals and products 99.74 99.44 99.83 100.00 99.48 100.00 98.80 100.00 99.67 
2. Starchy roots and tubers 1.03 0.56 1.17 0.51 1.56 0.00 1.20 0.67 1.66 
3. Nuts and beans 25.55 21.67 26.71 22.78 28.39 23.71 19.28 22.48 30.90 
4. Vegetables, including fresh and dried 97.30 91.67 99.00 96.96 97.66 90.72 92.77 98.99 99.00 
5. Fruits and berries 3.72 2.78 4.01 4.05 3.39 3.09 2.41 4.36 3.65 
6. Oils, fats, and butters 71.37 65.00 73.29 72.66 70.05 68.04 61.45 74.16 72.43 
7. Meat, poultry game, and its products 50.19 43.89 52.09 48.10 52.34 46.39 40.96 48.66 55.48 
8. Fish, shellfish, and products 13.48 14.44 13.19 12.15 14.84 13.40 15.66 11.74 14.62 
9. Eggs and products 14.12 16.67 13.36 14.68 13.54 15.46 18.07 14.43 12.29 
10. Milk and milk products 5.39 13.89 2.84 6.08 4.69 15.46 12.05 3.02 2.66 
11. Canned products - - - - - - - - - 
12. Sugars, preserves, and confectionery 7.32 10.56 6.34 7.09 7.55 16.49 3.61 4.03 8.64 
13. Soft drinks and other beverages, including 
alcoholic drinks 
9.11 8.89 9.18 9.62 8.59 10.31 7.23 9.40 8.97 
14. Spices and sauces 94.48 91.11 95.49 94.94 94.01 90.72 91.57 96.31 94.68 
          
N 779 180 599 395 384 97 83 298 301 
Notes: yr, ‘age in years’; -, ‘no consumption’; %, ‘percentage of individuals within the sample consuming food belonging to a specific food group, based on 
total valid N’.  
Source: Vietnam Rural Household Survey (July-August 2016). 
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Table A2.5b Food group consumption by age group and gender in survey round 2 (%)  
(1) (2) (3) (4) (5) (6) (7) (8) (9) 









1. Cereals and products 99.71 98.92 100.00 99.42 100.00 98.08 100.00 100.00 100.00 
2. Starchy roots and tubers 2.94 3.24 2.83 3.17 2.70 2.88 3.70 3.29 2.38 
3. Nuts and beans 12.21 11.89 12.32 11.53 12.91 10.58 13.58 11.93 12.70 
4. Vegetables, including fresh and dried 87.79 73.51 93.13 87.03 88.59 75.00 71.60 92.18 94.05 
5. Fruits and berries 2.65 3.24 2.42 2.59 2.70 2.88 3.70 2.47 2.38 
6. Oils, fats, and butters 61.32 55.14 63.64 64.27 58.26 61.54 46.91 65.43 61.90 
7. Meat, poultry game, and its products 29.71 28.65 30.10 31.70 27.63 30.77 25.93 32.10 28.17 
8. Fish, shellfish, and products 10.15 8.11 10.91 9.80 10.51 8.65 7.41 10.29 11.51 
9. Eggs and products 6.03 7.03 5.66 5.19 6.91 4.81 9.88 5.35 5.95 
10. Milk and milk products 2.79 6.49 1.41 4.03 1.50 7.69 4.94 2.47 0.40 
11. Canned products 0.29 1.08 0.00 0.58 0.00 1.92 0.00 0.00 0.00 
12. Sugars, preserves, and confectionery 2.79 3.24 2.63 3.17 2.40 2.88 3.70 3.29 1.98 
13. Soft drinks and other beverages, including 
alcoholic drinks 
0.29 0.00 0.40 0.58 0.00 0.00 0.00 0.82 0.00 
14. Spices and sauces 87.35 74.05 92.32 86.74 87.99 75.96 71.60 91.36 93.25 
          
N 680 185 495 347 333 104 81 243 252 
Notes: yr, ‘age in years’; -, ‘no consumption’; %, ‘percentage of individuals within the sample consuming food belonging to a specific food group, based on 
total valid N’.  
Source: Vietnam Rural Household Survey (November 2016).  
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Table A2.6a List of vegetables consumed by households in survey round 1 
Code Vegetable name Freq 
S4066 Pumpkin leaves, raw 833 
S4003 Pumpkin squash, raw 576 
N4056 Chili pepper, yellow 311 
S4016 Mustard greens, India, leaves and stems, raw 255 
N4050 Bamboo shoot, spring variety 193 
N4047 Bamboo shoot, unspecified 189 
N4086 Chayote, fruit raw 185 
VEG_99 Chili pepper, small, spicy 108 
S4005 Tomato, raw 73 
N4057 Chili pepper, green 72 
S4083 Kangkong, swamp cabbage, water spinach, water convolvulus, 
raw 
62 
S4002 Ashgourd waxgourd, winter melon, raw 46 
S4010 Cabbage, common, raw 42 
S4086 Sauropus, sp. Leaves, raw 38 
N4039 Onion, Welsh, raw 30 
N4028 Cucumber 27 
N4051 Gourd, sponge gourd 27 
S4103 Garlic bulbs, raw 26 
S4030 Cowpeas, yard long, Chinese long bean, raw 25 
N4001 Calabash/ bottlegourd 21 
S4009 Aubergine, raw 20 
S4076 Sweet potato leaves, raw 20 
VEG_99 Chayote leaves 19 
N4017 Chinese cabbage, unspecified 16 
VEG_99 Mong mustard 15 
N4037 Soybean sprouts 13 
S4080 Malabar nightshade, Vines spinach; Ceylon spinach, raw 12 
VEG_99 Choy sum 12 
N4057 Peppers, green 11 
N4032 Green peas; field pea; peas garden 9 
N4097 Mustard green, pickled 9 
VEG_99 Pickled pepper 9 
S4055 Bitter gourd, balsam pear, balsam-apple, bitter melon, raw 7 
N4022 Radish garden white, raw 6 
N4040 Onion, common, garden 6 
N4048 Asparagus, white 6 
N4049 Bamboo shoots, dried 6 
N4082 Mint leaves 6 
S4007 Carrot, raw 6 
S4036 Mungbean sprouts, green gram, tiensin green bean, raw 7 
VEG_99 Coong 6 
VEG_99 Diplazium esculentum 6 
VEG_99 Lemon leaves 5 
VEG_99 Lemongrass 5 
VEG_99 Sweet potato buds 5 
VEG_99 Xi 5 
N4034 Papaya, unripe, raw 4 
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Table A2.6a Continued   
Code Vegetable name Freq 
N4044 Banana, buds and flowers 4 
N4090 Chinese leek, onion fragrant 4 
S4029 Kidney beans, in pod, French bean; Navy bean, raw 4 
S4070 Jute potherb, raw 4 
VEG_99 Wild vegetable roots 4 
N4027 Colocasia indica 3 
N4038 Onion, Welsh 3 
N4107 Mushroom, straw 3 
N4115 Wild plant 3 
S4102 Balm-mint, garden-balm, raw 3 
S4121 Jew' ear, Judas' ear, dried, wood ear, tender variety, raw 3 
N4004 Pumpkin, dried 2 
N4058 Tamarind 2 
N4101 Onion, pickled 2 
N4108 Mushroom, common 2 
S4073 Amaranth, sp. red, raw 2 
S4082 Parsley, curly, raw 2 
VEG_99 Hill mushroom 2 
VEG_99 Lactuca indica 2 
VEG_99 Sponge gourd, leaves 2 
N4016 Cress, sp. 1 
N4053 Sponge gourd, rag (young flower) 1 
N4055 Corn, small variety immature, baby corn 1 
N4071 Coriander 1 
N4074 Kangkong, dried 1 
N4078 Polygonum odoratum 1 
N4092 Chinese olive 1 
N4094 Tomato, pickled 1 
N4095 Eggplant, garden; brinjan; aubergine salted 1 
N4104 Mushroom, Chinese raw 1 
N4118 La lot 1 
S4016 Mustard greens, India, leaves and stems, raw 1 
S4019 Banana, dwarf, young fruit, raw 1 
S4042 Onion, fragrant, Chinese leek, raw 1 
S4074 Amaranth, sp white, raw 1 
VEG_99 Apricot leaves 1 
VEG_99 Brassica integrifolia 1 
VEG_99 Canarium spp. 1 
VEG_99 Dracontomelon 1 
VEG_99 Fresh lemongrass 1 
VEG_99 Fried pickled bamboo shoots 1 
VEG_99 Ginger leaves 1 
VEG_99 Lốc tâu - a local dish 1 
VEG_99 Mixed raw vegetables 1 
VEG_99 Mugwort, common sagebrush 1 
VEG_99 Napa cabbage 1 
VEG_99 Pea leaves 1 
VEG_99 Pickled bamboo shoots 1 
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Table A2.6a Continued   
Code Vegetable name Freq 
VEG_99 Quất hồng bì 1 
VEG_99 Rau giap ca, diep ca 1 
VEG_99 Raw vegetables 1 
VEG_99 Salted coong 1 
VEG_99 Sour leaves 1 
VEG_99 Taro tuber leaves 1 
VEG_99 Unknown name 1 
VEG_99 Wild eggplant 1 
VEG_99 Winter melon leaves (ashgourd waxgourd) 1 
Total  3483 
Notes: Freq, ‘frequency of responses’. This list only pertains to vegetables classified under food group 
4 (“Vegetables, fruit types, fresh and dried”). The codes and vegetable descriptions are based on the 
Vietnamese Food Composition Tables (FCT) 1994/2000 and 2013 versions; prefix “N” refers to codes 
from FCT 1994/2000 and “S” from SMILING FCT D3.5-a 
(http://www.fao.org/fileadmin/templates/food_composition/documents/pdf/VTN_FCT_2007.pdf). 
Source: Vietnam Rural Household Survey (n=510 households, July-August 2016). 
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Table A2.6b List of vegetables consumed by households in survey round 2 
Code Vegetable name Freq 
S4016 Mustard greens, India, leaves and stems, raw 921 
N4056 Chili pepper, yellow 337 
VEG_99 Chili pepper, small, fresh 238 
S4010 Cabbage, common, raw 68 
N4086 Chayote, fruit raw 61 
N4047 Bamboo shoot, unspecified 16 
S4003 Pumpkin squash, raw 16 
N4017 Chinese cabbage, unspecified 15 
N4032 Green peas; field pea; peas garden 15 
VEG_99 Young pea leaves 15 
N4039 Onion, Welsh, raw 11 
S4005 Tomato, raw 10 
N4034 Papaya, unripe, raw 9 
S4103 Garlic bulbs, raw 9 
N4057 Chili pepper, green 8 
VEG_99 Napa cabbage 7 
S4096 Kohlrabi, raw 6 
N4022 Radish garden white, raw 5 
N4050 Bamboo shoot, spring variety 5 
S4002 Ashgourd waxgourd, winter melon, raw 5 
S4066 Pumpkin leaves, raw 5 
VEG_99 Pea leaves 5 
N4027 Colocasia indica 4 
N4037 Soybean sprouts 4 
S4036 Mungbean sprouts, green gram, tiensin green bean, raw 4 
S4085 Rice paddy herb, raw (Limnophilia aromatica) 4 
VEG_99 Chayote leaves 4 
VEG_99 Mong mustard 4 
VEG_99 Chili pepper, small, pickled 4 
S4082 Parsley, curly, raw 3 
S4121 Jew' ear, Judas' ear, dried, wood ear, tender variety, raw 3 
VEG_99 Brassica integrifolia 3 
VEG_99 Chili pepper, unspecified 3 
VEG_99 Green banana 3 
VEG_99 Lemongrass 3 
VEG_99 Mong mustard, pickled 3 
VEG_99 Chili pepper, small, pickled with bamboo shoots 3 
N4016 Cress, sp. 2 
N4067 Basil sweet leaves, raw 2 
N4082 Mint leaves 2 
S4076 Sweet potato leaves, raw 2 
VEG_99 Chili pickled with bamboo shoots 2 
VEG_99 Diplazium esculentum 2 
VEG_99 Lemon leaves 2 
VEG_99 Mong mustard, pickled 2 
N4049 Bamboo shoots, dried 1 
N4068 Sweet marjoram 1 
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Table A2.6b Continued 
Code Vegetable name Freq 
N4071 Coriander 1 
N4080 Lettuce, garden asparagus 1 
N4096 Cabbage, Chinese, salted 1 
N4107 Mushroom, straw 1 
S4018 Celery, Chinese, raw 1 
S4019 Banana, dwarf, young fruit, raw 1 
S4029 Kidney beans, in pod, French bean; Navy bean, raw 1 
S4042 Onion, fragrant, Chinese leek, raw 1 
S4086 Sauropus, sp. Leaves, raw 1 
S4099 Cauliflower, raw 1 
VEG_99 Choy sum 1 
VEG_99 Mushroom 1 
VEG_99 Papaya flower 1 
Total  1875 
Notes: Freq, ‘frequency of responses’. This list only pertains to vegetables classified under food group 
4 (“Vegetables, fruit types, fresh and dried”). The codes and vegetable descriptions are based on the 
Vietnamese Food Composition Tables (FCT) 1994/2000 and 2013 versions; prefix “N” refers to codes 
from FCT 1994/2000 and “S” from SMILING FCT D3.5-a 
(http://www.fao.org/fileadmin/templates/food_composition/documents/pdf/VTN_FCT_2007.pdf).  





Note: Per cent refers to percentage of the number of responses divided by total responses. Graph only includes main 
vegetables whose responses are >10. 
Source: Vietnam Rural Household Survey (n=510 households, July-August 2016). 
Figure A2.3a Main source of vegetables consumed in survey round 1 
 
 
Note: Per cent refers to percentage of the number of responses divided by total responses. Graph only includes main 
vegetables whose responses are >=5. 
Source: Vietnam Rural Household Survey (n=510 households, November 2016). 
Figure A2.3b Main source of vegetables consumed in survey round 2  
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Table A2.7 List of vegetable crops that were cultivated in the last 12 months  
Vegetable name Freq 
Coriander 456 
Pumpkin squash, raw 157 
Kale 135 
Pumpkin leaves, raw 115 
Cabbage, common, raw 91 
Rau 74 
Chayote, fruit raw 56 
Cucumber 55 
Mong mustard 46 
Mustard greens, India, leaves and stems, raw 23 




Kangkong, swamp cabbage, water spinach, water convolvulus, raw 11 
Onion, Welsh, raw 9 
Bamboo shoot, spring variety 8 
Chayote leaves 7 
Ginger root 7 
Tomato, raw 7 
Sauropus sp. Leaves 6 
Cải ngồng 5 
Garlic bulbs, raw 5 
Gourd, sponge gourd 5 
Sweet potato leaves 5 
Cải 4 
Cauliflower, raw 4 
Malabar nightshade, Vine spinach; Ceylon spinach, raw 4 
Radish garden white, raw 4 
Rau cải xanh 4 
Calabash/ bottlegourd 3 
Chinese cabbage, white 3 
Jute potherb, raw 3 
Ashgourd waxgourd, winter melon, raw 2 
Aubergine, raw 2 
Balm-mint, garden-balm, raw 2 
Bitter gourd, balsam pear, balsam-apple, bitter melon, raw 2 
Dracontomelon fruit, unripe 2 
Scallion 2 
Basil sweet leaves, raw 1 
Các loại 1 
Cải chip 1 
Cải địa phương 1 
Cải ngọt 1 
Chili pepper, red, spicy 1 




Table A2.7 Continued 
Vegetable name Freq 
Lemongrass 1 
Lettuce, garden asparagus 1 
Mungbean sprouts, green gram, tiensin green bean, raw 1 
Parsley, curly, raw 1 
Rau cải chíp 1 
Rau cải ngồng 1 
Rau cải trắng 1 
Rau rền 1 
Rau thơm các loại 1 
Sweet marjoram 1 
Vegetable mustard 1 
Y di (native plant) 1 
Total 1419 
Note: Freq, ‘frequency of responses’. 




Note: Per cent refers to the quantity of sold/consumed/gifted/PH loss/spoilt divided by total production. Graph only includes 
main vegetables whose responses are >=5. 
Source: Vietnam Rural Household Survey (n=494, July-August 2016). 
Figure A2.4 Vegetable output and disposal in the previous 12 months 
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Table A2.8 Association between vegetable production diversity, market engagement, women’s empowerment, and dietary diversity score 
(DDS) using OLS, for pooled, age- and gender-disaggregated samples  
Dependent variable: CDDS  
(1) (2) (3) (4) (5) (6) (7) (8) (9) 









Vegetable production and market engagement 
VegDiversity 0.016 0.018 0.006 0.017 0.016 -0.051 0.086 0.034 -0.037  
(0.033) (0.060) (0.033) (0.034) (0.047) (0.075) (0.127) (0.035) (0.044) 
TimeMarket -0.756*** -0.873** -0.765*** -0.614*** -0.953*** -0.751* -1.631** -0.565** -0.940***  
(0.207) (0.362) (0.212) (0.226) (0.287) (0.433) (0.720) (0.227) (0.270) 
VegValueSold 0.005*** 0.003 0.006*** 0.007*** 0.002 0.005 -0.006 0.007*** 0.004  
(0.002) (0.004) (0.002) (0.002) (0.003) (0.004) (0.009) (0.002) (0.003) 
Women’s empowerment 
Credit -2.303 -0.340 -2.616 -1.674 -2.314 3.279 -2.432 -2.696 -2.109  
(1.787) (3.069) (1.991) (1.899) (2.408) (3.991) (5.295) (1.944) (2.650) 
Income 0.143 0.041 0.024 0.388 -0.378 -0.151 -0.340 0.158 -0.090  
(0.649) (1.077) (0.673) (0.672) (0.857) (1.390) (1.604) (0.704) (0.923) 
Group 0.526 0.589 0.550 0.122 1.051 -1.348 1.213 0.194 0.835  
(0.606) (1.163) (0.603) (0.610) (0.808) (1.230) (2.070) (0.643) (0.751) 
WorkAway -0.545 0.468 -0.672 -0.840 -0.170 -1.152 0.742 -0.567 -0.864  
(0.552) (1.064) (0.548) (0.566) (0.716) (1.286) (1.672) (0.590) (0.718) 
Household characteristics 
LV-HA (ref: LV-LA) -0.033 -0.045 -0.024 -0.034 -0.048 -0.009 0.144 -0.040 0.023  
(0.169) (0.274) (0.187) (0.185) (0.214) (0.355) (0.483) (0.204) (0.232) 
HV-LA 0.096 0.067 0.072 0.082 0.106 0.784** -0.165 -0.105 0.254  
(0.169) (0.263) (0.186) (0.169) (0.226) (0.322) (0.501) (0.195) (0.238) 
HV-HA 0.132 0.218 0.119 0.152 0.119 0.940** -0.075 0.005 0.314  
(0.168) (0.273) (0.181) (0.177) (0.212) (0.360) (0.535) (0.189) (0.222) 
FoodExp_pc 0.002 0.004* 0.358* 0.001 0.346 0.001 0.861 0.592** 0.054  
(0.001) (0.002) (0.210) (0.002) (0.312) (0.003) (0.905) (0.259) (0.254) 
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Table A2.8 Continued         
Dependent variable: CDDS  
(1) (2) (3) (4) (5) (6) (7) (8) (9) 









NonFoodExp_pc 0.075*** 0.182*** 0.045** 0.072*** 0.072** 0.322*** 0.091 0.051*** 0.024  
(0.021) (0.056) (0.018) (0.021) (0.035) (0.098) (0.081) (0.017) (0.030) 
Area -0.015 -0.044 0.040 -0.007 -0.019 0.092 -0.088 -0.007 0.156***  
(0.051) (0.037) (0.063) (0.052) (0.054) (0.093) (0.069) (0.049) (0.051) 
Experience -0.004 -0.009 0.001 -0.001 -0.008 0.002 -0.013 0.003 0.000  
(0.007) (0.010) (0.007) (0.007) (0.010) (0.010) (0.023) (0.008) (0.009) 
Child characteristics 
AgeChild 0.028*** 0.263*** 0.004 0.012 0.047*** 0.170* 0.293*** -0.005 0.014  
(0.008) (0.068) (0.010) (0.012) (0.013) (0.086) (0.105) (0.015) (0.014) 
MaleChild 0.126* 0.384** 0.045        
(0.066) (0.178) (0.073)       
Food preparer characteristics 
AgeFoodPrep 0.009 0.017 0.002 0.008 0.009 0.008 0.005 0.004 0.002  
(0.008) (0.012) (0.008) (0.008) (0.010) (0.013) (0.021) (0.009) (0.009) 
FemaleFoodPrep 0.276** 0.353 0.264** 0.328*** 0.120 0.232 0.163 0.336** 0.085  
(0.128) (0.235) (0.125) (0.125) (0.205) (0.245) (0.555) (0.137) (0.174) 
EducFoodPrep 0.116*** 0.130** 0.107*** 0.094*** 0.122*** 0.178** 0.080 0.061* 0.169***  
(0.032) (0.065) (0.030) (0.036) (0.041) (0.073) (0.144) (0.036) (0.037) 
MongFoodPrep -0.510*** -0.384* -0.503*** -0.501*** -0.490*** -0.424 -0.191 -0.488*** -0.559***  
(0.142) (0.224) (0.155) (0.167) (0.183) (0.313) (0.391) (0.166) (0.195) 
Constant 3.797*** 2.351*** 4.205*** 3.949*** 3.855*** 3.105*** 3.069* 4.137*** 4.340*** 
 (0.404) (0.779) (0.412) (0.408) (0.574) (0.837) (1.632) (0.456) (0.533)  
         
Observations 653 165 488 334 319 92 73 242 246 
R2 0.309 0.362 0.357 0.351 0.303 0.497 0.416 0.390 0.394 
Log likelihood -814.8 -221.2 -563.7 -395 -409.9 -107.3 -98.36 -266.6 -282.9 
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Table A2.8 Continued         
Dependent variable: CDDS  
(1) (2) (3) (4) (5) (6) (7) (8) (9) 









F-statistic 10.26 7.078 10.11 10.25 5.826 8.701 4.901 11.70 6.984 
Degrees of freedom 20 20 20 19 19 19 19 19 19 
Adjusted R2 0.287 0.274 0.329 0.312 0.259 0.364 0.207 0.337 0.344 
Notes: yr, ‘age in years’. Robust standard errors, in parentheses, are clustered at the household level. *** p<0.01, ** p<0.05, * p<0.10. 
Source: Vietnam Rural Household Survey (July-August and November 2016). 
137 
Statement of Authorship 
Title of Paper The impact of smallholder vegetable production on rural 
Vietnamese children’s nutrition outcomes  
Publication Status ☐ Published 
☐ Accepted for Publication 
☐ Submitted for Publication 
☒ Unpublished and Unsubmitted work written in manuscript 
style 
Publication Details This chapter is being prepared for submission to the Journal 
of Development Studies26. 
Principal Author 
Name of Principal 
Author (Candidate) 
Christian Genova II 
Contribution to the Paper Involved in study design; performed primary data collection, 
data cleaning, data analysis, data interpretation; and wrote 
and revised the manuscript. 
Overall percentage (%) 75 
Certification: This paper reports on original research I conducted during 
the period of my Higher Degree by Research candidature 
and is not subject to any obligations or contractual 
agreements with a third party that would constrain its 
inclusion in this thesis. I am the primary author of this paper. 
Signature  Date  
Co-Author Contributions 
By signing the Statement of Authorship, each author certifies that: 
i. the candidate’s stated contribution to the publication is accurate (as detailed 
above); 
ii. permission is granted for the candidate in include the publication in the thesis; 
and 
iii. the sum of all co-author contributions is equal to 100% less the candidate’s 
stated contribution.  
 
                                                 
26 This version is formatted to meet the University thesis requirement. It includes references to 
other chapters, which are removed in the preprint version. 
138 
Name of Co-Author Wendy J. Umberger 
Contribution to the 
Paper 
Guided study design and data collection; supervised data 
analysis and data interpretation; and edited the manuscript.  
Signature Date  
 
 
Name of Co-Author Alexandra Peralta  
Contribution to the 
Paper 
Contributed in study design; supervised data analysis and 
data interpretation; and edited the manuscript. 
Signature Date  
 
 
Name of Co-Author Suzie Newman  
Contribution to the 
Paper 
Guided study design and data collection; contributed in data 
interpretation; and edited the manuscript. 
Signature Date  
 
 
Name of Co-Author Di Zeng 
Contribution to the 
Paper 
Supervised data analysis and data interpretation; and edited 
the manuscript. 
Signature Date  
139 
3 The impact of smallholder vegetable production on rural 
Vietnamese children’s nutrition outcomes  
Abstract: Childhood undernutrition, particularly stunting, wasting, and micronutrient 
deficiencies, remains a major health concern in rural communities in Vietnam. While 
literature suggests leveraging agriculture to improve child nutrition via agricultural 
diversification, market engagement, and women’s empowerment, very few studies have 
empirically explored how smallholder vegetable production can influence household 
nutrition. This paper examines the association of household-level vegetable diversity, 
market access, and market participation with nutrition outcome measures of children in 
the smallholder households. We use a cross-sectional household data set, collected in 
2016 in northwest Vietnam, covering 234 children aged six to 60 months. We estimate 
and compare the results of regression models using three-stage least squares (3SLS), 
ordinary least squares (OLS), logistic regression, and seemingly unrelated regression 
(SUR), to explore variations in six nutrition outcome measures: height-for-age z-score 
(HAZ), weight-for-height z-score (WHZ), weight-for-age z-score (WAZ), stunting, 
wasting, and underweight. Our results suggest that smallholder vegetable production has 
a significant indirect association with children’s nutrition status via market participation. 
Market participation is an important factor in improving girls’ HAZ and WHZ, and in 
reducing the probability of boys being stunted and underweight. It is likely that additional 
income from selling vegetables allows households to purchase nutritious food, which is 
likely to have a positive impact on children’s nutrition outcomes. 




Vietnam has shown significant progress in reducing children’s undernutrition in 
Southeast Asia (ASEAN et al. 2016), but this has decelerated in recent years. The 
prevalence of stunting and underweight went down by 50 per cent between 2001 and 2011 
(Chaparro et al. 2014). However, between 2011 and 2015 there has been a relative 
increase in childhood stunting (from 23% to 25%) and wasting (from 4% to 6%) (WHO 
et al. 2016). Current interventions focus on the provision of key micronutrients, such as 
vitamin A, zinc, and iodine (Chaparro et al. 2014), because children’s undernutrition is 
due to micronutrient deficiencies arising from poor dietary intake and from infectious 
diseases like diarrhea (UNICEF 1990). However, declining financial support from the 
national and local governments for these activities, and the poor nutritional knowledge of 
mothers and other household members (International Food Policy Research Institute 
2016; Socialist Republic of Vietnam 2012), have impeded progress. The positive impacts 
of these changes also differ between urban and rural areas, by region, and between the 
Kinh majority and ethnic minorities. Women, children, and ethnic minorities are the most 
vulnerable groups (Epprecht et al. 2009; GSO 2012; NIN & UNICEF 2011). Children’s 
undernutrition was found to be higher in the Northern Midland and Mountainous area, 
the North Central area, and Central Coastal areas compared to the regions where major 
cities are located (e.g. Red River Delta and South East) (Epprecht et al. 2009; NIN 2015; 
NIN & UNICEF 2011). 
One way to lessen the financial burden of rural households is to promote agriculture, 
animal husbandry, and other existing production systems in locations with high 
populations of vulnerable groups (the poor, the malnourished, children and women, and 
ethnic minorities) (Alderman et al. 2013). Many of Vietnam’s undernourished children 
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are found in resource-poor households in rural areas dependent on agriculture for the main 
source of their livelihood and nutrition (GSO 2012; Linh & Glewwe 2011; NIN 2015). 
At the household level, the pathway between agriculture and children’s nutrition can be 
direct (the consumption of a healthy and diverse diet from their own food production) or 
indirect (the consumption of more nutritious and diverse food due to higher income from 
selling produce to food markets or market proximity) (Alderman et al. 2013; Carletto et 
al. 2015; Dangour et al. 2012; Gillespie et al. 2012; Herforth & Harris 2014; Kadiyala et 
al. 2014; Kanter et al. 2015; Pinstrup-Andersen 2014; Turner et al. 2013; Webb 2013). 
Vegetable consumption is a particularly sustainable way to combat some types of child 
undernutrition because of its micronutrient richness. However, its overall impact on child 
undernutrition remains largely unexplored. Most studies that have evaluated the impact 
of vegetables on nutritional outcomes were part of horticultural intervention programs 
(see a review by Taren & Alaofe 2013), which produced mixed findings (Carletto et al. 
2015; Masset et al. 2012; Ruel et al. 2013). Recent studies have highlighted the 
importance of market engagement because its effect on household nutrition has been 
found to be larger than agricultural diversity per se (e.g. Hirvonen & Hoddinott 2017; 
Koppmair et al. 2017; Sibhatu et al. 2015; Stifel & Minten 2017), though much remains 
unknown about the impacts of market engagement and household vegetable production 
more broadly. 
With these factors in mind, this study aims to fill this gap by examining the possible 
contribution of smallholder vegetable production on children’s nutrition, as well as 
identifying other significant factors. We investigate these relationships using pooled and 
gender-disaggregated samples. We incorporate four indicators of smallholder vegetable 
production (vegetable production diversity and three indicators on market engagement) 
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in the standard empirical approach of examining child nutrition, controlling for the 
underlying child, maternal (including women’s empowerment), and household 
characteristics (UNICEF 1990, 2013).  
We use cross-sectional data to study 234 children, aged six to 60 months, from 188 
rural households in northwest Vietnam. We hypothesise that smallholder vegetable 
production has a positive effect on children’s nutrition, which may occur either through 
a direct or indirect pathway. In the direct pathway, we specifically investigate whether 
diverse vegetable production is associated with childhood nutrition. The premise is that 
when households diversify their production, children also diversity their food intake 
accordingly, and therefore improve their diet, ultimately leading to improved nutrition. 
In the indirect pathway, we assess whether market engagement, via market access and 
market participation, positively correlate with nutritional outcomes. Households close to 
markets enjoy a wider array of diverse and nutritious foods that are not accessible to those 
in more remote rural areas. Similarly, the consumption of more diverse foods, leading to 
improved nutritional status, becomes possible because of income gains due to semi-
commercialisation (market participation). Understanding these direct and indirect 
pathways can help the Government develop long-term, sustainable solutions that are 
resource-efficient, and allow households to more effectively participate in. 
3.2 Research Methods 
3.2.1 Study area 
The study was conducted in Lao Cai Province, a temperate vegetable-producing region 
in Vietnam’s Northern Midlands and Mountainous region. Farming constitutes 93 per 
cent of the economy in this region, especially in its rural areas (Linh & Glewwe 2011). 
Many rural households grow vegetables only for their own consumption due to small 
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landholdings (International Food Policy Research Institute 2002). Nevertheless, the 
province is suited to increasing vegetable intensification due to its climate and soil 
suitability (Wijk & Everaarts 2007). In 2017, the province’s total vegetable output was 
11.40 tons per hectare (Lao Cai General Statistics Office (GSO) 2018) compared to the 
country average of 14.90 tons per hectare (FAOSTAT 2018).  
In spite of this, fruit and vegetable consumption comprise only 88 grams/capita/day 
(GSO 2012), which is below the daily recommendation of 400 grams/capita/day (WHO 
& FAO 2005). The diet has a high intake of starchy staples and low intake of fruits, 
vegetables, and animal products. Micronutrient intakes are suboptimal even among the 
wealthiest quintiles (Nguyen et al. 2013). Government nutrition programs have already 
been implemented in the province to overcome nutritional issues (Chaparro et al. 2014). 
However, among children under five, it still has one of the highest rates of stunting (35%) 
and underweight (20%) due to inadequate household food security (caused by poverty) 
and inadequate maternal and childcare (NIN 2015; NIN & UNICEF 2011). 
Ethnic minorities comprise 64 per cent of the province’s population: Mong (22%), Tay 
(16%), Dao (14%), Giay (5%), and Nung (4%) (Lao Cai People's Committee 2016). 
Epprecht et al. (2009) found that most of these ethnic minorities are poor due to a spatial 
poverty trap. The rugged, mountainous terrain and their remoteness limit their access to 
various resources like health, education, infrastructure, credit, and markets (World Bank 
2009 as cited by Dang 2012). However, they also resist state intervention in favour of 
their traditional cultural knowledge (Bonnin & Turner 2012). For instance, the Mong’s 
dependence on shifting cultivation, livestock breeding and terrace field farming, and their 
lack of access to scientific knowledge and technological advances, are major factors 
contributing to their poverty (Tinh 2002). 
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3.2.2 Data 
Our analyses focused on households with children aged six to 60 months from a unique 
cross-sectional data set that we collected during July and August 2016. Rural farming 
households were randomly selected using a stratified multistage random sampling 
strategy. Chapter 2 (Sec 2.2) further explains the sampling design. 
Detailed information on household and individual characteristics— including 
anthropometric measurements, women’s empowerment (using the modified Abbreviated-
Women’s Empowerment in Agriculture Index or A-WEAI (Malapit et al. 2015b)), farm 
production and marketing activities in the last production cycle, and child health— were 
collected. Except for the women’s empowerment module, the person primarily 
responsible for food preparation in the household was the target respondent, which in 
most cases is the child’s mother. The modified A-WEAI module was administered to both 
the principal and secondary decision-makers in the household (normally, the parents of 
the child).  
The semi-structured questionnaire was translated into Vietnamese by two native 
Vietnamese speakers and was validated by the Mekong Development Research Institute 
(MDRI)27. Pre-testing was done in the study areas in March, June, and July 2016. The 
paper-based questionnaire was transferred to a mobile application. A detailed Training 
Manual was provided to a team of 22 enumerators and five field supervisors from MDRI 
who facilitated the survey implementation. The team included one local enumerator fluent 
in the local Mong dialect. Enumerator training was conducted over a week and 
modifications were made to the survey instrument.  
                                                 
27 MDRI is a research institute in Hanoi, Vietnam that was contracted to assist our team in 
gathering data in the northwest. 
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We used Stata v15.1 (StataCorp, College Station, TX) for the descriptive and statistical 
analyses. Analyses were done for the pooled sample and were gender-disaggregated to 
identify any differential effects for boys and girls. 
3.2.3 Characteristics of the sample 
Table 3.1 shows the descriptive and summary statistics of the key variables used in the 
analyses. Our sample consists of 266 children aged six to 60 months from 210 households. 
After cleaning the data, the final number of observations with complete information is 
234 children from 188 households.  
The main variables of interest comprise variables that measure vegetable production 
diversity, market access, and market participation. The mean VegDiversity is 3, and 
ranges between 0 and 13 vegetables. TimeMarket is 0.39 hours on average, with the most 
remote household traveling for 1.50 hours to access the market. Most of the households 
are involved in vegetable production, with 60 per cent having sold to some type of market 
(44% to traditional channels, 20% to modern channels, and about 5% to both traditional 
and modern channels). 
More than 60 per cent of woman decision-makers make decisions on household 
income (Income) and nearly 30 per cent have a workload that is less than the time poverty 
line of 10.50 hours28 per day (Workload). 
The average age of young children in our sample is 37.40 months, and they consume 
food belonging to four food groups29 (DDS), on average. Seventeen per cent of the 188 
                                                 
28 Malapit et al. (2015b) considers an individual as time poor when s/he works more than the 
time poverty line of 10.50 hours per day. 
29 Refer to Table A2.5a and Table A2.5b.  
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households indicate that some or all of their children have experienced diarrhea two 
weeks prior to the survey. 
Most mothers belong to the Mong ethnic group, and their average age is 41 years. The 
oldest is 87 years old, because the respondent is the child’s grandmother; the biological 
mother is working elsewhere or has passed away, and the grandmother took over the 
mother’s role. Mothers who are working and residing elsewhere are excluded since we 
only include household members staying in the house four days of the week or six months 
of the year. About 40 per cent are illiterate, 22 per cent have primary-level education, and 
33 per cent have reached secondary-level30. The average maternal height is 149.77 
centimetres (cm), which is considered stunted following the definition of Addo et al. 
(2013) on maternal stunting as being below 150.10 cm. The mean BMI is 22.40 kilograms 
per square meter (kg/m2), which is considered “normal” weight (WHO Expert 
Consultation 2004).  
The average number of children under five years old is two. We find high variability 
in the total cultivated land area (Area); the average is 1.08 hectares, and the largest land 
area is 19.60 hectares. Wide variation is also observed for NonFoodExp_pc, with the 
lowest monthly non-food expenditure per capita equal to 0.04 million VND31 (US$1.79) 
and the highest is 13.88 million VND (US$620.50). The majority of households do not 
have access to a safe water source and drinking water, and only about 37 per cent have 
access to improved32 toilet facilities.  
                                                 
30 In the regression model, education is treated as a continuous variable rather than a categorical 
variable to determine the effect of higher education on the child nutritional outcomes. 
31 1 US Dollar (US$) = 22,370.09 Vietnamese Dong (VND) (2017 average). Source: UNCTAD, 
‘Currency exchange rates, annual, 1970-2017’, 
http://unctadstat.unctad.org/wds/TableViewer/tableView.aspx?ReportId=117   
32 Categories under improved toilet facilities include septic tank, biogas, double pit dry, 
ventilated pit dry, and single pit dry; unimproved toilets are no toilet, pour flush, fishpond, and 
ashes/bridge/bucket (WHO & UNICEF 2006). 
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3.2.4 Anthropometric measurements 
Children were measured using the anthropometric protocol from the National Health and 
Nutrition Examination Survey (NHANES) Anthropometry Procedures Manual (Centres 
for Disease Control and Prevention 2007). The Seca infantometer 210 was used to record 
the recumbent length of infants and children up to three years who cannot stand on their 
own. The height of older children was measured using a tape measure. The Laica digital 
weight scale was used to record children’s weight. The weight of infants and young 
children unable to stand independently was recorded with the aid of the mother. The 
mother and the child were weighed together, then the mother’s weight was deducted to 
derive the child's weight. Mothers were requested to remove their, and their children’s, 
shoes, hats, and heavy clothing, prior to the recording of height and weight. 
Using the 2006 WHO Child Growth Standards and the Stata user-written program 
zscore06 (Leroy 2011), children’s height and weight were converted into z-scores: height-
for-age z-score (HAZ), weight-for-height z-score (WHZ), and weight-for-age z-score 
(WAZ). Three additional variables were created to measure the prevalence of stunting, 
wasting, and underweight, using the HAZ, WHZ, and WAZ, respectively. Specifically, 
these binary indicators take the value of 1 if the z-score is below -2 standard deviations 
(SD), or 0 if otherwise. For instance, a child is defined as stunted or with impaired linear 
growth when HAZ is less than -2 SD from the WHO Child Growth Standards median. 
Stunting reflects chronic or long-term undernutrition typically resulting from sustained 
episodes of nutritional deprivation and/or recurrent infection (WHO 2010a). A child is 
wasted, or exhibits extreme thinness, when WHZ is less than -2 SD from the median of 
the reference population. Wasting reflects acute undernutrition and is an indicator of a 
child’s current nutritional status due to a recent period of starvation or a severe infection, 
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like diarrhea (WHO 2010a). A child is underweight when WAZ is less than -2 SD from 
the median of the reference population. WAZ is a composite measure of HAZ and WHZ, 
and is difficult to interpret. However, it is commonly used to monitor growth and changes 
in malnutrition over time (O'Donnell et al. 2008). Underweight is therefore used as a 
summary indicator, reflecting a child being stunted or wasted (Kimenju & Qaim 2016). 
Children with missing data on height, weight, age, and gender were excluded from our 
analyses. The observed standard deviations of the z-scores can also identify inaccurate 
data due to measurement or coding errors. Therefore, we followed the WHO cut-off 
points for each of the child nutrition outcomes in the final analyses to identify these errors 
and exclude children whose values are in these ranges: HAZ, below or equal to -6 or equal 
to or above 6 SD; WHZ, below or equal to -5 SD or above or equal to 5 SD; and WAZ, 
below or equal to -6 or above or equal to 5 SD (WHO 2010b). 
3.2.5 Nutritional status of sampled children 
The mean HAZ, WHZ, and WAZ are -2.20, -0.25, and -1.44 SD below the medians in 
the reference population, respectively (Table 3.1). The prevalence of child undernutrition 
in Lao Cai province by age group and gender is shown in Table 3.2. We have a nearly 
balanced sample of boys (n=123) and girls (n=111) aged six to 60 months. In the pooled 
sample, 62 per cent are stunted, 9 per cent are wasted, and 24 per cent are underweight. 
These estimates are higher than the 2015 provincial and regional averages (NIN 2015) 
and are consistent in each of the four districts. By gender, there are slightly more boys 
who are stunted (65%) and underweight (24%), and more girls who suffer from wasting 
(13%). The higher prevalence of stunting among boys was also observed in several 
countries in Sub-Saharan Africa, which suggests that boys are more vulnerable to health 
inequalities than girls (Wamani et al. 2007). 
149 
Disaggregating them by age group, we find a higher incidence of stunting in the 24 to 
60-month group, and a higher incidence of wasting in the six to 23-month group. The 
results for the children in the six to 23-month group represent growth faltering, while 
those for the 24 to 60-month group reflect the full impact of various postnatal issues 
(Alderman & Headey 2018). We find more girls who are stunted (64%) and more boys 
who are wasted and underweight (20% and 28%, respectively) in the six to 23-month old 
age group. In the 24 to 60-month old age group, stunting (67%) and underweight (28%) 
are more prevalent among boys, and wasting is more prevalent among girls (27%). By 
geographic strata, stunting and underweight are highest in HV-LA (70% and 30%, 
respectively). In contrast, the lowest incidence of stunting and underweight are in HV-
HA (49%) and in LV-LA (18%), respectively. Figure 3.1 shows the overall distribution 
of children for HAZ, WHZ, and WAZ, while Figure 3.2 and Figure 3.3 show the 
distribution for boys and girls, respectively. These figures further show the extent of 
stunting, where the majority of children have HAZ below the WHO child growth 
standards depicted as standard normal densities. In the subsequent analyses, results are 
presented for the pooled sample and disaggregated by gender, instead of by age group, 
due to small sample size. 
3.2.6 Econometric model specification 
We adopt the UNICEF conceptual framework commonly used to explain the causes of 
child malnutrition and mortality (UNICEF 1990, 2013). In this framework, poor diets and 
diseases are the immediate determinants of child undernutrition. These factors, which 
often occur together, are caused by several underlying factors, like lack of access to food, 
either physically or economically, poor maternal and child-care practices, and an 
unhealthy environment, due largely to income poverty.  
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The empirical model estimated is shown in equation (1): 
𝐻𝑖𝑗ℎ = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 +  𝛽𝑉𝑒𝑔𝐷𝑖𝑣𝑒𝑟𝑠𝑖𝑡𝑦ℎ + 𝛾𝑀𝑎𝑟𝑘𝑒𝑡ℎ + 𝛿′𝑮ℎ + 𝜔′𝑪𝑯𝑖 + 𝜎′𝑴𝑗 + 𝜑′𝑯𝑯ℎ + 𝑖𝑗ℎ    (1) 
 
where Hijh is one of the six alternative nutrition outcome measures: HAZ, WHZ, WAZ, 
stunting, wasting, and underweight of child i of mother j in household h. The HAZ, WHZ, 
and WAZ are continuous variables, and the prevalence of stunting, wasting, and 
underweight are binary variables. Gh, CHi, Mj, and HHh are vectors of women’s 
empowerment/adequacy, child characteristics, maternal characteristics, and household 
features, respectively; and  is the error term. In these models, we focus on the estimates 
of β and γ, which indicate whether our main variables of interest have positive, negative, 
or no effects on the specific nutrition outcome measure. The main variables of interest 
and specific controls used in the model are explained subsequently. 
3.2.7 Main explanatory variables of interest 
We hypothesise that smallholder vegetable production may have a positive relationship 
with children’s nutrition. The link between household vegetable production and 
children’s nutrition could be a result of either consumption from household production 
(direct), or consumption of more diverse foods due to market access and/or higher income 
gained from market participation (indirect) (Alderman et al. 2013; Carletto et al. 2015; 
Dangour et al. 2012; Gillespie et al. 2012; Herforth & Harris 2014; Kadiyala et al. 2014; 
Kanter et al. 2015; Pinstrup-Andersen 2014; Turner et al. 2013; Webb 2013). We measure 
the association of smallholder vegetable production and children’s nutrition outcomes 
using four main variables of interest: VegDiversity, TimeMarket, TradMarket, and 
ModMarket.  
151 
VegDiversityh is a measure of household vegetable production diversity, and is a 
simple unweighted count of the number of unique vegetables cultivated by household h 
in the last 12 months prior to July/August 2016 (Keding et al. 2012). VegDiversityh was 
assessed by asking the respondent about the types of vegetable cultivated for home 
consumption, for market, lost due to postharvest spoilage, given as gift to neighbours or 
used for seed storage. We hypothesise that greater diversity in vegetable production can 
improve dietary quality and, eventually, nutrition through the subsistence pathway 
(Sibhatu & Qaim 2017).  
Recent studies have also pointed to the importance of markets (Marketh) on children’s 
nutritional status, in terms of both access and market participation (e.g. Hirvonen & 
Hoddinott 2017; Koppmair et al. 2017; Sibhatu et al. 2015; Stifel & Minten 2017). In this 
case, we include TimeMarket to indicate market access, and TradMarket and ModMarket 
to indicate market participation. TimeMarket is the one-way travel time in hours to the 
nearest food market. We have added this variable to differentiate remote rural households 
from those in closer proximity to food markets. We hypothesise that closer proximity to 
food markets allows children to have more diversified food intake, and that this may 
explain improvements in the nutritional status of children living closer to markets as 
compared to children who are residing in remote areas (Abay & Hirvonen 2016). We 
impute the missing values and “don’t know” responses with the mean of the village, 
commune, or the district, depending on which is available, by transport type. Two dummy 
variables indicate market participation in the last production cycle: if they have sold to 
traditional channels (TradMarket), and to modern channels (ModMarket). Traditional 
channels are those that are local such as the local market in the village/commune/district, 
selling to fellow farmers, and selling to collectors that visit the farm(s). Modern market 
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channels include supermarkets, wholesale markets, cooperatives, and other retailers in 
Hanoi and other provinces. For these two dummy variables, our hypothesis is that market 
participation positively affects children’s nutritional status through the income gained 
from semi-commercialisation, allowing the household to purchase more diversified food, 
thus promoting better nutritional status. 
3.2.8 Other explanatory variables 
We also control for women’s empowerment/adequacy (Gh) since previous studies suggest 
that women’s empowerment has been a significant predictor of children’s nutritional 
status. Women are normally more health-promoting than men through the preparation of 
more nutritious and healthier food, and through childcare (Quisumbing et al. 1995). Two 
dummy variables, which are adopted from the A-WEAI indicators33, are used to control 
for women’s empowerment/adequacy: woman make decisions on household income 
(Income), and woman’s workload is less than the time poverty line of 10.50 hours 
(Workload). Each indicator is assigned a value of 1 if the woman's achievement is 
adequate, i.e. it exceeds the defined inadequacy cut-off for the specific indicator, and a 
value of 0 if otherwise (Malapit et al. 2015b). Workload indicates reduced workload, 
which could indicate better maternal care through mothers having sufficient time to make 
healthier decisions about their children’s food intake, grooming, and sanitation 
(Cunningham et al. 2018).  
The following child characteristics (CHi) are also included: DDS (Dietary Diversity 
Score of child), AgeChild (age of the child in months); and two dummy variables, 
                                                 
33 Compared with Chapter 2, we excluded access to credit (Credit) and group membership 
(Group) in the estimation strategy due to its high correlation with Income (r=0.401 and r=0.472, 
respectively). 
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MaleChild (equal to 1 if the child is male), and Diarrhea (equal to 1 if some or all children 
experienced diarrhea in the two weeks prior to the interview). The DDS is the mean 
Dietary Diversity Score of the child in three reference periods (similar in Chapter 2). We 
include Diarrhea since it has been shown to negatively impact on children’s nutritional 
outcomes, especially WHZ and wasting (WHO 2010a). 
For the maternal characteristics (Mj), we control for the following:  
 AgeMother. This is a continuous variable representing the child’s maternal age in 
years. 
 EducMother. Originally a categorical variable wherein 0=no education, 1=nursery, 
2=some primary, 3=primary (completed all years), 4=lower secondary, 5=upper 
secondary, 6=vocational, 7=university/college, and 8=postgraduate. In the 
empirical analyses, this variable is treated as ordinal. This variable was highly 
correlated with the nutritional knowledge of the mother so we only include 
EducMother, and treat it as a proxy for better child-care practices and greater 
maternal nutritional knowledge. 
 MongMother. This is a dummy variable for ethnicity which is equal to 1 if Mong, 
and 0 for the other ethnic groups: Kinh; Tay; Muong; Nung; Dao; Kho Mu; Giay; 
Phu La (Xa Pho); and Bo Y. 
 HtMother. This is a continuous variable showing the mother’s height in centimetres. 
A mother’s height indicates her genetic endowment; women who are stunted are 
likely to have stunted offspring (Addo et al. 2013; de Onis & Branca 2016; Forero-
Ramirez et al. 2014; Prendergast & Humphrey 2014). 
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 BMIMother. This is a continuous variable that measures the mother’s body mass 
index (BMI) in kg/m2. It has been shown to effect the likelihood of child stunting 
(Headey et al. 2012). 
Finally, we also control for the following household characteristics (HHh): 
 Stratum. This is a categorical variable wherein 1=LV-LA (low vegetable diversity 
per capita and low elevation), 2=LV-HA (low vegetable diversity per capita and 
high elevation); 3=HV-LA (high vegetable diversity per capita and low elevation); 
4=HV-HA (high vegetable diversity per capita and high elevation). This is included 
to control for geographical differences affecting vegetable production due to 
elevation or other factors. 
 CHD5b. This is a continuous variable denoting the number of children under five 
years old in the household, and is a proxy for the mother’s ability to undertake good 
child-care practices. The more infants and younger children in the household, the 
more time constrained the mother is as she juggles childcare and other household 
(including agricultural) activities (Babu et al. 2014). 
 Area. This is a continuous variable showing the total area of the cultivated land in 
hectares, and is included to control for farm-specific characteristic. 
 NonFoodExp_pc. This is a continuous variable that shows the household’s monthly 
non-food expenditure per capita in million Vietnamese Dong (VND), used as proxy 
for household income. 
 ImprovedToilet. This is a dummy variable that is equal to 1 if the household has 
access to an improved toilet facility, and 0 if does not. It is used as a proxy for good 
sanitation. Improved toilet facilities include: septic tank, biogas, double pit dry, 
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ventilated pit dry, and single pit dry; unimproved toilets include no toilet, pour 
flush, fishpond, and ashes/bridge/bucket (WHO & UNICEF 2006). 
3.2.9 Empirical strategy 
We first estimate equation (1) using ordinary least-squares (OLS) regressions for the three 
continuous nutrition outcome variables (HAZ, WHZ, and WAZ) and Logit regressions for 
the three binary outcome variables (stunting, wasting, and underweight) to assess the 
empirical relationship between children’s nutritional outcomes and smallholder vegetable 
production. We present the marginal effects for the Logit estimations. In both estimators, 
robust standard errors are used and are clustered at the household level.  
Three of our main variables of interest— VegDiversity, TradMarket and ModMarket— 
are potentially endogenous. This renders the OLS and Logit biased and inconsistent 
estimators. Using Wooldridge’s robust score chi2 and robust regression-based F-test for 
exogeneity34, we find that, in some of the models, endogeneity exists with TradMarket 
and ModMarket, and hence the instrumental variable (IV) method is preferred. Therefore, 
we use the percentage of surveyed neighbours in the village selling to traditional channels, 
excluding the household (PctNeighborTrad) as an instrument for TradMarket; and the 
percentage of surveyed neighbours in the village selling to modern channels, excluding 
the household (PctNeighborMod) for ModMarket. The use of the percentage of 
neighbours selling to traditional channels excluding the household (PctNeighborTrad) is 
a good instrument for TradMarket since a household selling to TradMarket is likely to 
                                                 
34 Instead of the Durbin Wu-Hausman statistics for endogeneity test, Wooldridge’s (1995) 
robust score test and robust regression-based test statistics are reported after 2SLS estimation 
with a robust VCE <https://www.stata.com/manuals13/rivregresspostestimation.pdf (p. 2)>. 
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have neighbours similarly engaged in selling to TradMarket (Andersson et al. 2015). The 
same can be said for PctNeighborMod.  
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Equations (2) to (4) form a system of equations that account for the endogeneity of 
VegDiversity35, TradMarket and ModMarket. We use the three-stage least squares (3SLS) 
method in all six alternative nutritional outcome measures, which is robust to the 
application of instrumental variables (IV) in the seemingly unrelated regression (SUR), 
since error terms of the system of equations might be correlated. The application of linear 
regression when the dependent variable is dichotomous, in this case the three prevalence 
outcome variables (stunting, wasting, underweight), has been justified by Angrist and 
Pischke (2009) and Hellevik (2009). Since the error terms might be correlated between 
the system of equations for a specific child and be uncorrelated across children, the 
seemingly unrelated regression (SUR) models are also estimated. The Breusch-Pagan test 
of independence indicated statistically significant correlations between the error terms of 
the system of equations in all six alternative nutritional outcomes. Therefore, the main 
results of the 3SLS estimates are used for inference in the subsequent section, and are 
                                                 
35 As part of a system of equations, we use distance to an agricultural office (Distance) as an 
instrument for VegDiversity The use of Distance could be a good instrument of VegDiversity, 
since proximity to an agricultural extension office, which can be found in most communes, 
means easy access to information on improved crop production practices and free seeds, and has 
therefore the potential to affect VegDiversity (Di Falco et al. 2011).  
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compared with OLS, Logit, and SUR estimates to determine the possible direction of the 
bias. 
The following discussion of the analyses for the pooled and gender-disaggregated 
samples are divided into three parts. The first and the second consider the association of 
the main variables of interest, VegDiversity, TimeMarket, TradMarket, and ModMarket, 
with: (a) HAZ, WHZ, and WAZ; and (b) stunting, wasting, and underweight, after 
controlling for child, maternal, and household characteristics. The third identifies other 
significant factors that may be associated with improvements in children’s nutritional 
outcomes. 
3.3 Results and Discussion 
3.3.1 Impact of smallholder vegetable production on HAZ, WHZ, and WAZ 
In general, smallholder vegetable production, via market participation, is significantly 
associated with improvements in children’s WAZ at the 5- and 10-per cent levels of 
significance (Table 3.3, Panel 9). Households that sell to the traditional channels in their 
locality (TradMarket) benefit via a WAZ increase of 0.334 SD (p<0.10). The association 
is larger and more significant when households sell to modern channels (ModMarket), 
with a WAZ increase of 0.354 SD (p<0.05). These associations are robust across different 
estimation methods (OLS and SUR). No statistically significant association was found 
between VegDiversity and TimeMarket on WAZ, and between the four main variables of 
interest on HAZ and WHZ (Panels 7 and 8).  
3.3.1.1 Impact on HAZ, WHZ, and WAZ of boys and girls 
Vegetable production diversity. The number of cultivated vegetables (VegDiversity) is 
associated with a 1.134 SD increase in HAZ (p<0.05) among girls (Table 3.4, Panel 7). 
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However, it affects the WHZ (Panel 8) of boys and girls differently. For girls, a 1.201 SD 
decrease in WHZ (p<0.05) is observed, while a 0.772 SD marginal increase (p<0.10) is 
observed for boys.  
Market access. We did not find any significant association between TimeMarket and 
any of the three nutritional outcomes in either boys or girls. 
Market participation. Significant associations were only found for girls, with larger 
coefficients and more significant positive effects of market participation on HAZ and 
WHZ at the 5 per cent level of significance, and WAZ at the 5- and 10-per cent levels of 
significance (Panels 7 to 9). The positive and significant association between ModMarket 
and WAZ is robust across different estimation techniques, similar with the findings in the 
pooled sample (Table 3.3, Panel 9). In particular, ModMarket is associated with a 1.115 
SD increase in HAZ (p<0.05), and a 0.487 SD increase in WAZ (p<0.10). TradMarket is 
also associated with a 0.905 SD increase in WHZ (p<0.05), and a 0.498 SD increase in 
WAZ (p<0.05).  
What do these results suggest? Market participation does have a significant effect in 
improving the HAZ, WHZ, and WAZ of the children in this province, especially among 
girls. Selling to traditional channels (TradMarket) can improve the current nutritional 
status (WHZ). The effect is greater when households engage in modern market 
participation (ModMarket); it positively affects children’s linear growth (HAZ), which is 
an indication of long-term undernutrition. In addition, the link between vegetable 
production diversity and children’s nutritional status should not be discounted. While its 
impact differs in HAZ and WHZ, what is crucial is that, like ModMarket, it is also 
associated with significant improvements in young girl’s linear growth (HAZ). This has 
important implication for curbing the transmission of intergenerational linear growth 
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retardation (Walker et al. 2015) in rural areas, as we find that a one unit increase in 
maternal height decreases the probability of stunting (Table 3.5, Panel 7, p<0.05). 
3.3.2 Impact of smallholder vegetable production on the prevalence of stunting, 
wasting, and underweight 
In general, market participation has implications for reducing the probability of stunting 
and underweight (Table 3.5). For instance, TradMarket reduces the probability of 
underweight at the 5 per cent level of significance (Panels 9). Increased VegDiversity, 
however, is associated with an increased probability of being underweight although the 
association is marginal (Panel 9). No statistically significant association was found 
between VegDiversity and TimeMarket on either stunting or wasting outcomes, as with 
previous results for HAZ and WHZ. 
3.3.2.1 Impact on stunting, wasting, and underweight outcomes of boys and girls 
Vegetable production diversity. Vegetable diversity, while reducing the probability of 
wasting (Table 3.6, Panel 8), does not reduce the probability of stunting and underweight 
(Panels 7 and 9, respectively) among boys as initially hypothesized. 
Market access. There was no significant association between TimeMarket and any of 
the three nutritional outcomes in either boys or girls. 
Market participation. Table 3.6 shows that the association on stunting, wasting, and 
underweight are more pronounced for boys than girls (Panels 7-9). Market participation 
is strongly associated with an increased probability of a boy being stunted or underweight 
(p<0.05). However, ModMarket also leads to a higher prevalence of wasting (p<0.05) but 
this association requires further validation because the number of observations of wasted 
boys is only six per cent (Table 3.2).  
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This strengthens the finding that additional income gained from market participation 
can improve child nutrition outcomes. It also highlights that by simply selling to 
traditional channels rather than not selling, there is a strong and positive link with a 
reduced probability of being underweight. Addressing stunting may require gaining 
higher income from modern market participation, although the association is marginal. 
3.3.3 Other factors associated with HAZ/stunting and WHZ/wasting outcomes 
Other covariates are found to be significantly associated with WHZ but not with HAZ. 
This is also true with stunting and wasting outcomes. We speculate that the underlying 
determinants of nutrition, such as wealth, education, maternal care, and disease and 
sanitation, are significantly attenuated for HAZ/stunting when younger children (6 23 
months) are combined with older children (24-59 months). With WHZ/wasting, the 
opposite effect is observed due to the inclusion of older children (Alderman & Headey 
2018). 
HAZ. The only other covariate that significantly and positively affects HAZ is 
Workload (Table 3.3, Panel 7). The association is robust across different estimation 
techniques. It especially impacts girls (1.604 SD increase, p<0.05, Appendix Table A3.8, 
Panel 7), which is a finding similar to previous studies (Abate & Belachew 2017; Ruel et 
al. 1999). Most households in these rural areas operate as a family farming system, 
wherein farm operation is primarily dependent on the family’s manual labour and the use 
of animals (Tran 2003; Ye & Pan 2016). To balance their agricultural obligations and 
their maternal and caring roles, mothers with young children carry their babies on their 
backs while working in the fields. Further research is required to tease out the quality of 
childcare practices in the target locations because our results indicate that, in addition to 
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income gains from modern market participation, maternal care also significantly impacts 
the linear growth of girls and their future offspring (Walker et al. 2015). 
Stunting. Other important covariates that reduce the probability of stunting are 
maternal height (HtMother) and the geographic stratum HV-HA. Our results show that 
HtMother is associated with a lower probability of stunting (p<0.05). A closer look, 
however, indicates that the effect size is relatively small. The association is true for both 
boys and girls (Appendix Table A3.9 and Table A3.10) supporting the findings of other 
studies (e.g. Prendergast & Humphrey 2014), which found a relationship between 
mothers who were stunted and their children having increased prevalence of stunting. 
Maternal height did not have a significant effect on children’s HAZ; thus, this could 
suggest that other external factors, aside from the genetic predisposition, come into play; 
for instance, if women of reproductive age have access to adequate health and nutrition, 
and health care (de Onis & Branca 2016).  
In addition, boys in HV-HA have a lower prevalence of stunting compared to those in 
the LV-LA areas (Appendix Table A3.9, Panel 7). Targeted interventions could focus in 
the LV-LA areas, given the higher prevalence of stunting compared to HV-HA areas. This 
result shows that higher altitudes do not imply a higher incidence of stunting, and higher 
vegetable density per capita may have additional advantages compared with lower 
vegetable density per capita. Predictors that magnify the probability of stunting are 
AgeMother and BMIMother (Table 3.5, Panel 7). However, the effect sizes are small, and 
the association (BMIMother) is marginal. 
WHZ. For WHZ, overall, maternal education (EducMother) (p<0.05) and Mong 
ethnicity (MongMother) (p<0.10) are positively associated with a child’s WHZ. Further, 
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for both boys and girls NonFoodExp_pc is also positively associated with WHZ, 
indicating that household income matters (Martorell and Zongrone 2012).  
For boys, WHZ improves as they get older (AgeChild, p<0.05) (Appendix Table A3.7, 
Panel 8). These results are robust, but the effect sizes are small. BMIMother also 
positively impacts boys’ WHZ, although marginally. Considering geographic location, 
boys in the HV-HA stratum are associated with lower WHZ (p<0.10) than those in the LV-
LA stratum. 
For girls, Area, which is another indication of household wealth, positively but 
marginally impacts WHZ (p<0.10), while Income, Workload and Diarrhea negatively 
affect WHZ (Appendix Table A3.8). These relationships are at the 1- and 5-per cent levels 
of significance. The incidence of diarrhea two weeks prior to the survey negatively affect 
a girl’s WHZ (p<0.01). This negative association is robust in different estimation 
techniques. However, the impact of the two women’s empowerment variables (Income 
and Workload) on WHZ is negative and highly significant at the 1- and 5-per cent levels. 
Nonetheless, while Workload negatively affects WHZ (short-term undernutrition), it has 
a larger positive effect on HAZ (long-term undernutrition). 
Wasting. For the wasting outcome (Table 3.5, Panel 8), the results resonate with our 
findings in WHZ, where maternal education (EducMother) and ethnicity (MongMother) 
positively reduce the probability of wasting, in addition to Income and AgeChild, at the 5 
per cent level of significance. However, the effect sizes of AgeChild and EducMother are 
relatively small. Among boys, the probability of wasting is reduced via Income, AgeChild 
and BMIMother (Appendix Table A3.9). The probability of wasting among girls is 
strongly reduced via NonFoodExp_pc (p<0.05).  
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Diarrhea, as previously shown, increases the probability of wasting, especially among 
girls, as does Workload (Appendix Table A3.10). The coefficients of Workload and 
Diarrhea are positive and significant, which imply that the incidence of Diarrhea 
increases the probability of wasting as expected. For Workload, reduced workload means 
more time spent at home and less time spent helping in productive agricultural activities. 
This may negatively affect the household’s meager disposable income, and therefore alter 
the amount, quantity, composition and quality of food purchased and consumed by these 
children (Carletto et al. 2015). The prevalence is increased by LV-HA and HV-HA areas 
in relation to LV-LA, which indicates that elevation may affect the increased incidence of 
wasting among boys. As previously mentioned, these results for boys require further 
validation due to the small number of observations.  
These results indicate that wealth (NonFoodExp_pc) and maternal education are 
important for addressing short-term undernutrition consistent with other studies (Frost et 
al. 2005; Makate & Makate 2017; Martorell & Zongrone 2012). However, addressing 
short-term undernutrition differs for boys and girls due to preferential treatment given to 
sons among these ethnic minority groups (Jones et al. 2014). Mothers allocate more 
health-promoting resources and childcare time to sons, thereby negatively affecting girls’ 
nutritional status in the short-term (Barcellos et al. 2014). This might also explain the 
positive, but marginal relationship, between maternal BMI and boy’s WHZ. The 
incidence of diarrhea severely affects girls’ WHZ/wasting, and thus requires future 
research to identify its determinants.  
3.4 Conclusions  
This cross-sectional study analysed 234 children aged five years and below and has shown 
how smallholder vegetable production may lead to positive nutritional outcomes through 
164 
improving a child’s linear growth (HAZ) and weight (WHZ and WAZ), and reducing the 
prevalence of stunting, wasting, and underweight. Our results are broadly consistent with 
the results of other studies showing how agriculture in general, and specific crop/livestock 
in particular, can lead to improved children’s nutrition (Azzarri et al. 2015; Hoddinott et 
al. 2015; Kumar et al. 2015; Malapit et al. 2015a; Shively & Sununtnasuk 2015). 
However, the impact on children’s nutrition varies for each of the smallholder vegetable 
production indicators and by gender, controlling for other covariates in the econometric 
models. 
Between 72 and 85 per cent of smallholder households in the province mainly grow 
vegetables for home consumption (International Food Policy Research Institute 2002). 
For these subsistence farmers, diversifying their vegetable production has an added 
advantage. It has benefits in that it improves boys’ WHZ and girls’ HAZ. However, its 
health benefits are mixed because it leads to a higher prevalence of stunting and 
underweight among boys. It significantly improves girls’ HAZ, but no significant 
association has been found to mitigate the stunting outcome. 
Our results suggest that smallholder vegetable production has a significant indirect 
effect on children’s nutrition via market participation. Among boys, market participation 
is associated with a lower probability of stunting and underweight. Policies that improve 
access to markets, such as road infrastructure investments or better information about 
market opportunities and prices, are likely to improve children’s nutritional outcomes in 
the long-term, particularly with respect to reduced stunting. 
Our results also suggest that short-term nutritional outcomes, such as WHZ and 
wasting, can be improved by investments in maternal education and by improving water 
quality and sanitation to minimise the incidence of diarrhea. Further research on the 
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quality of maternal care-giving practices is encouraged because it has important 
implications for the improvement of girls’ HAZ, WHZ, and wasting. Maternal education 
is a significant predictor of a child’s disease incidence, as well as the ability to report or 
seek medical care at community health centres when their children are suffering from 
diarrhea among the ethnic minority groups (Rheinlander et al. 2010; Teerawichitchainan 
& Phillips 2008). The odds of a child being reported slightly sick is 25 per cent higher if 
the mother has some primary schooling rather than being illiterate (Teerawichitchainan 
& Phillips 2008). 
The country has had numerous policy actions aimed at improving safe water supply 
and constructing sanitation facilities in the rural areas, for instance, the ‘National Rural 
Clean Water Supply and Sanitation Strategy 2000-2020’ (revised in 2016); the ‘National 
Target Programme’ for water and sanitation (from 1998 to 2015); and the approval of 
standards concerning water quality and hygienic toilets (UNICEF Viet Nam 2018). 
However, the uptake of the water and sanitation facilities among ethnic minority 
communities has been slow since the current hygiene and sanitation policies fail to 
understand the local cultural and social factors that guide their sanitation behaviours 
(Rheinlander et al. 2010). Therefore, sanitation solutions that are in line with the local 
priorities and hygiene perceptions, and are designed appropriately to suit their living 
conditions, could ensure the effectiveness of future hygiene promotion strategies 
(Rheinlander et al. 2010).  
The observed gender differences with respect to health inequality in our sample may 
be due to either preferential treatment towards one gender (as explained in Sec 2.4) or be 
biological in nature. In Sub-Saharan Africa, it has been shown that preferential treatment 
of girls gives rise to their slight anthropometric advantage over boys (Svedberg 1990). 
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However, biologically, boys are more vulnerable to stunting than girls (Keino et al. 2014; 
Wamani et al. 2007). 
This study has several limitations. It is based on cross-sectional data that inhibits us to 
capture variations in household behaviour over time. In addition, the small number of 
observations prevents us from conducting disaggregated analysis by age group, which 
would have been more meaningful since various underlying determinants of children’s 
nutrition outcomes are age-sensitive (Alderman & Headey 2018). Nevertheless, these 
results do show that improved child nutrition outcomes in Lao Cai province can be 
achieved by improving livelihoods via smallholder vegetable production and market 
participation. Further research is encouraged to ascertain the causal relationships using 
more observations and longitudinal or panel data.  
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Figure 3.2 HAZ, WHZ, and WAZ of sampled boys in Lao Cai province 
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Figure 3.3 HAZ, WHZ, and WAZ of sampled girls in Lao Cai province 
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Table 3.1 Descriptive statistics of key variables of children six to 60 months in Lao Cai province, Vietnam 
Variable Description Mean SD Min Max 
Outcome variables 
HAZ Length/height-for-age z-score -2.20 1.65 -5.91 6.00 
WHZ Weight-for-height z-score -0.25 1.42 -4.99 4.93 
WAZ Weight-for-age z-score -1.44 0.98 -4.72 1.62 
Stunting Prevalence of stunting (1=stunted [HAZ <-2 SD], 0=no)              0.62 0.49 0 1 
Wasting Prevalence of wasting (1=wasting [WHZ <-2 SD], 0=no)  0.09 0.29 0 1 
Underweight Prevalence of underweight (1=underweight [WAZ <-2 SD], 0=no) 0.24 0.43 0 1 
Main variables of interest 
VegDiversity Number of different kinds of vegetables produced at the farm in the last  
  cropping cycle 
2.95 1.79 0 13 
TimeMarket Travel time from residence to nearest food market (hour) 0.39 0.24 0.03 1.50 
TradMarket Household sold vegetables to traditional channels (1=yes, 0=otherwise) 0.42 0.50 0 1 
ModMarket Household sold vegetables to modern channels (1=yes, 0=otherwise) 0.20 0.40 0 1 
Gender      
Income Woman can make decisions on household income (1=adequate,  
  0=otherwise) 
0.63 0.48 0 1 
Workload Woman's workload is less than the time poverty line of 10.50 hours  
  (1=adequate, 0=otherwise) 
0.27 0.44 0 1 
Child characteristics 
DDS Mean Dietary Diversity Score of children aged six to 60 months 4.13 1.17 1 8.25 
AgeChild Age of young child (month)    37.40 14.39 6 60 
MaleChild Young child is male (1=yes, 0=otherwise)                                  0.53 0.50 0 1 
Diarrhea Some or all children experienced diarrhea in the last two weeks (1=yes,  
  0=otherwise) 
0.17 0.37 0 1 
Maternal characteristics 
AgeMother Maternal age (year)                                 41.00 16.12 19 86.58 
EducMother Maternal education (categorical treated as continuous) 2.29 2.06 0 8 
MongMother Mother is Mong (1=yes, 0=otherwise) 0.76 0.42 0 1 
HtMother Maternal height (centimetre) 149.77 5.65 129 165 
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Table 3.1 Continued 
Variable Description Mean SD Min Max 
BMIMother Maternal BMI (kg/m2) 22.40 2.86 15.92 31.29 
Household characteristics 
LV-LA Commune is classified as low vegetable density per capita-low altitude  
  area (1=yes, 0=otherwise) 
0.19 0.39 0 1 
LV-HA Commune is classified as low vegetable density per capita-high altitude  
  area (1=yes, 0=otherwise) 
0.24 0.42 0 1 
HV-LA Commune is classified as high vegetable density per capita-low altitude  
  area (1=yes, 0=otherwise) 
0.29 0.45 0 1 
HV-HA Commune is classified as high vegetable density per capita-high altitude  
  area (1=yes, 0=otherwise) 
0.29 0.46 0 1 
Child5b Number of children five years old and below                   1.50 0.66 1 4 
Area Total cultivated area (hectare)  1.08 2.03 0 19.60 
NonFoodExp_pc Monthly non-food expenditure per capita (million VND) 0.79 1.65 0.04 13.88 
ImprovedToilet Access to improved toilet (1=yes, 0=otherwise) 0.37 0.48 0 1 
      
Household (number of households in sample) 188    
Observations (number of children in the sample) 234    
Notes: SD, ‘standard deviation’; Min, ‘minimum’; Max, ‘maximum’; BMI, ‘body mass index’; kg/m2, ‘kilogram per square metre’; VND, ‘Vietnamese Dong’; 
%, ‘per cent’. Initially, we included access to safe water where safe water sources are piped water and tube well, and unsafe water sources are groundwater 
source and surface water (WHO and UNICEF, 2006). However, there was no variation (only 3% have access to safe water source) and, hence, it was dropped. 
Categories included under improved toilet facilities are septic tank, biogas, double pit dry, ventilated pit dry, and single pit dry; unimproved toilets are no toilet, 
pour flush, fishpond, and ashes/bridge/bucket (WHO and UNICEF, 2006). 
Source: Vietnam Rural Household Survey (July-August 2016). 
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6-23 Boys 25 56.00 20.00 28.00 
 Girls 22 63.64 18.18 13.64 
 Pooled 47 59.57 19.15 21.28 
      
24-60 Boys 98 67.35 3.06 22.45 
 Girls 89 58.43 11.24 26.97 
 Pooled 187 63.10 6.95 24.60 
      
6-60 Boys 123 65.04 6.50 23.58 
 Girls 111 59.46 12.61 21.62 
 Pooled 234 62.39 9.40 23.93 
Source: Vietnam Rural Household Survey (July-August 2016). 
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Table 3.3 Impact of smallholder vegetable production on HAZ, WHZ, and WAZ of pooled sample 





















Main variables of interest          
VegDiversity 0.006 -0.065 -0.037 0.018 -0.065 -0.037 0.117 0.015 0.141  
(0.062) (0.056) (0.044) (0.068) (0.059) (0.040) (0.368) (0.316) (0.218) 
TimeMarket 0.252 0.178 0.252 0.282 0.178 0.252 0.272 0.180 0.269  
(0.459) (0.411) (0.250) (0.496) (0.424) (0.288) (0.486) (0.413) (0.281) 
TradMarket 0.193 0.436** 0.425*** 0.215 0.436** 0.425*** 0.172 0.387 0.334*  
(0.291) (0.215) (0.155) (0.239) (0.204) (0.139) (0.330) (0.293) (0.201) 
ModMarket 0.316 0.199 0.335* 0.306 0.199 0.335* 0.411 0.153 0.354**  
(0.374) (0.244) (0.188) (0.300) (0.257) (0.174) (0.286) (0.244) (0.166) 
Gender          
Income -0.368 -0.095 -0.281* -0.393 -0.095 -0.281* -0.325 -0.063 -0.209  
(0.243) (0.226) (0.148) (0.253) (0.216) (0.147) (0.269) (0.236) (0.164) 
Workload 0.681** -0.221 0.225 0.724*** -0.221 0.225 0.775* -0.158 0.367  
(0.312) (0.235) (0.144) (0.271) (0.232) (0.158) (0.407) (0.336) (0.232) 
Child characteristics          
DDS 0.057 -0.012 0.027 0.052 -0.012 0.027 0.053 -0.006 0.033  
(0.115) (0.102) (0.067) (0.115) (0.098) (0.067) (0.111) (0.095) (0.066) 
AgeChild -0.012 0.006 -0.005 -0.012 0.006 -0.005 -0.012 0.006 -0.005  
(0.011) (0.007) (0.005) (0.008) (0.007) (0.005) (0.008) (0.007) (0.005) 
MaleChild -0.049 0.027 0.016 -0.061 0.027 0.016 -0.047 0.027 0.020  
(0.235) (0.219) (0.138) (0.227) (0.194) (0.132) (0.217) (0.185) (0.129) 
Diarrhea 0.339 -0.389 -0.103 0.276 -0.389 -0.103 0.404 -0.328 0.030  
(0.363) (0.289) (0.198) (0.315) (0.270) (0.183) (0.387) (0.350) (0.242) 
Maternal characteristics          
AgeMother -0.008 0.005 -0.002 -0.008 0.005 -0.002 -0.007 0.005 -0.000  
(0.007) (0.006) (0.004) (0.007) (0.006) (0.004) (0.008) (0.007) (0.005) 
EducMother -0.092 0.117** 0.042 -0.080 0.117** 0.042 -0.091 0.118** 0.043  
(0.064) (0.050) (0.034) (0.060) (0.051) (0.035) (0.059) (0.049) (0.034) 
MongMother -0.398 0.450 0.030 -0.500 0.450* 0.030 -0.394 0.458* 0.054  
(0.297) (0.275) (0.183) (0.307) (0.262) (0.178) (0.302) (0.253) (0.176) 
HtMothera 0.021   -0.007*   0.016    
(0.023)   (0.004)   (0.026)   
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Table 3.3 Continued  





















BMIMother -0.042 0.074** 0.027 -0.040 0.074** 0.027 -0.025 0.085 0.053  
(0.045) (0.036) (0.025) (0.043) (0.037) (0.025) (0.067) (0.057) (0.040) 
Household characteristics          
LV-HA (ref: LV-LA) 0.273 -0.229 -0.016 0.293 -0.229 -0.016 0.206 -0.297 -0.149  
(0.343) (0.310) (0.213) (0.367) (0.314) (0.214) (0.430) (0.376) (0.260) 
HV-LA 0.150 -0.082 0.035 0.159 -0.082 0.035 0.091 -0.149 -0.092  
(0.369) (0.282) (0.209) (0.349) (0.299) (0.203) (0.422) (0.366) (0.254) 
HV-HA 0.519 -0.331 0.104 0.578* -0.331 0.104 0.438 -0.422 -0.072  
(0.334) (0.297) (0.186) (0.346) (0.296) (0.201) (0.470) (0.424) (0.293) 
Child5b -0.127 0.077 -0.045 -0.148 0.077 -0.045 -0.127 0.078 -0.042  
(0.159) (0.146) (0.092) (0.177) (0.152) (0.103) (0.170) (0.145) (0.100) 
Area 0.045 0.023 0.047 0.050 0.023 0.047 0.031 0.019 0.031  
(0.051) (0.028) (0.039) (0.060) (0.051) (0.035) (0.062) (0.054) (0.037) 
NonFoodExp_pc 0.022 0.099 0.084 0.024 0.099 0.084* 0.011 0.087 0.061  
(0.086) (0.074) (0.060) (0.075) (0.064) (0.043) (0.085) (0.074) (0.051) 
ImprovedToilet 0.120 -0.010 0.067 0.122 -0.010 0.067 0.154 0.008 0.113  
(0.244) (0.240) (0.162) (0.249) (0.213) (0.144) (0.254) (0.217) (0.151) 
Constant -3.748 -2.870*** -2.226*** 0.422 -2.870*** -2.226*** -3.816 -3.368 -3.392**  
(3.572) (1.007) (0.729) (1.398) (1.095) (0.744) (3.331) (2.289) (1.581) 
Observations 234 234 234 234 234 234 234 234 234 
R2 0.113 0.120 0.147 0.106 0.120 0.147 0.101 0.112 0.067 
Adjusted R2 0.020 0.033 0.063       
Log-likelihood -435.400 -399.200 -308.900       
Ramsey RESET test p-value 0.706 0.047 0.125       
Linktest p-value 0.809 0.281 0.225       
Correlation matrix residuals          
HAZ-WHZ    -0.502      
HAZ-WAZ    0.421      
WHZ-WAZ    0.560      
Breusch-Pagan p-value    0.000      
Notes: Standard errors are indicated in parentheses in the 3SLS and SUR estimators. In the OLS estimator, robust standard errors are in parentheses and clustered at the household level. We use 
small-sample statistics and an alternate divisor in computing the covariance matrix for the equation residuals in SUR estimator. The first-stage regression coefficients are in Appendix A-7.               
*** p<0.01, ** p<0.05, * p<0.1. a/ HtMother included only in the HAZ and stunting models. 
Source: Vietnam Rural Household Survey (July-August 2016).  
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Table 3.4 Impact of smallholder vegetable production on HAZ, WHZ, and WAZ of sampled boys and girls 
 Dependent variables and estimators: Z-scores (Boys) 
 (1) (2) (3) (4) (5) (6)  (7) (8) (9) 


















VegDiversity 0.089 -0.093 -0.019 0.094 -0.093 -0.019 -0.795 0.772* -0.046  
(0.102) (0.076) (0.050) (0.094) (0.074) (0.052) (0.541) (0.449) (0.273) 
TimeMarket 1.007 -0.256 0.376 1.012 -0.256 0.376 1.001 -0.159 0.378  
(0.634) (0.543) (0.304) (0.632) (0.493) (0.345) (0.610) (0.491) (0.334) 
TradMarket 0.025 0.422 0.331* 0.033 0.422 0.331* 0.975 -0.474 0.407  
(0.430) (0.294) (0.175) (0.340) (0.265) (0.185) (0.630) (0.544) (0.345) 
ModMarket -0.140 0.085 -0.021 -0.149 0.085 -0.021 0.301 -0.188 0.069  
(0.425) (0.328) (0.257) (0.416) (0.325) (0.227) (0.432) (0.343) (0.233) 
                                                 Z-scores (Girls) 
VegDiversity -0.022 -0.024 -0.020 -0.016 -0.024 -0.020 1.134** -1.201** -0.198  
(0.080) (0.092) (0.073) (0.111) (0.100) (0.065) (0.503) (0.492) (0.309) 
TimeMarket -0.633 0.905 0.322 -0.529 0.905 0.322 -0.273 0.553 0.264  
(0.870) (0.725) (0.411) (0.871) (0.781) (0.506) (0.834) (0.749) (0.486) 
TradMarket 0.156 0.392 0.396 0.230 0.392 0.396* -0.250 0.905** 0.498**  
(0.424) (0.355) (0.255) (0.384) (0.344) (0.223) (0.406) (0.381) (0.246) 
ModMarket 0.648 0.246 0.593** 0.679 0.246 0.593** 1.115** -0.245 0.487*  
(0.546) (0.334) (0.261) (0.490) (0.440) (0.285) (0.473) (0.430) (0.278) 
Notes: Full models with the control variables used are in Appendix Table A3.7 and Table A3.8. Standard errors are indicated in parentheses in the 3SLS and 
SUR estimators. In the OLS estimator, robust standard errors are in parentheses and clustered at the household level. We use small-sample statistics and an 
alternate divisor in computing the covariance matrix for the equation residuals in SUR estimator. The first-stage regression coefficients are in Appendix A-7. 
*** p<0.01, ** p<0.05, * p<0.1. 
a/ Wasting for boys not available due to convergence failure (small number of observations). 
Source: Vietnam Rural Household Survey (July-August 2016).  
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Table 3.5 Impact of smallholder vegetable production on the prevalence of stunting, wasting, and underweight of pooled sample 
 Dependent variables and estimators: Prevalence of (Pooled) 



















Main variables of interest          
VegDiversity -0.014 -0.005 0.006 -0.017 -0.003 0.006 0.150 -0.057 0.172*  
(0.019) (0.011) (0.016) (0.020) (0.012) (0.018) (0.111) (0.065) (0.103) 
TimeMarket -0.000 0.035 -0.114 0.003 0.022 -0.114 0.022 0.018 -0.101  
(0.141) (0.071) (0.115) (0.145) (0.085) (0.131) (0.142) (0.083) (0.128) 
TradMarket -0.010 -0.052 -0.078 -0.007 -0.041 -0.079 -0.089 -0.023 -0.205**  
(0.071) (0.042) (0.060) (0.070) (0.041) (0.063) (0.098) (0.059) (0.093) 
ModMarket -0.133 -0.033 -0.121 -0.133 -0.038 -0.115 -0.139* -0.037 -0.115  
(0.084) (0.047) (0.080) (0.087) (0.052) (0.079) (0.083) (0.049) (0.075) 
Gender          
Income 0.070 -0.095** 0.052 0.075 -0.100** 0.058 0.131 -0.124** 0.119  
(0.068) (0.040) (0.062) (0.074) (0.043) (0.067) (0.083) (0.048) (0.079) 
Workload -0.117 0.073* -0.122 -0.131 0.085* -0.111 0.015 0.042 0.023  
(0.072) (0.038) (0.075) (0.080) (0.047) (0.072) (0.124) (0.069) (0.111) 
Child characteristics          
DDS -0.037 0.009 0.007 -0.038 -0.002 0.010 -0.033 -0.003 0.019  
(0.032) (0.018) (0.027) (0.033) (0.020) (0.030) (0.034) (0.020) (0.032) 
AgeChild 0.001 -0.003** -0.002 0.001 -0.003** -0.002 0.001 -0.003** -0.002  
(0.003) (0.001) (0.002) (0.002) (0.001) (0.002) (0.002) (0.001) (0.002) 
MaleChild 0.023 -0.074* -0.043 0.024 -0.057 -0.042 0.022 -0.057 -0.038  
(0.063) (0.043) (0.059) (0.066) (0.039) (0.060) (0.068) (0.038) (0.062) 
Diarrhea -0.100 0.140*** 0.052 -0.097 0.172*** 0.057 0.002 0.132* 0.186  
(0.087) (0.043) (0.073) (0.093) (0.054) (0.084) (0.119) (0.072) (0.116) 
Maternal characteristics          
AgeMother 0.004** -0.001 0.001 0.004* -0.001 0.001 0.005** -0.002 0.003  
(0.002) (0.001) (0.002) (0.002) (0.001) (0.002) (0.002) (0.001) (0.002) 
EducMother 0.019 -0.018* -0.015 0.017 -0.021** -0.016 0.024 -0.021** -0.014  
(0.018) (0.009) (0.015) (0.018) (0.010) (0.016) (0.018) (0.010) (0.017) 
MongMother 0.057 -0.111** 0.078 0.077 -0.115** 0.075 0.059 -0.122** 0.094  




Table 3.5 Continued 
 Dependent variables and estimators: Prevalence of (Pooled) 



















HtMothera -0.010   -0.006   -0.017**    
(0.006)   (0.006)   (0.008)   
BMIMother 0.012 -0.015** -0.008 0.011 -0.012 -0.008 0.035* -0.020* 0.016  
(0.012) (0.007) (0.011) (0.013) (0.007) (0.011) (0.021) (0.012) (0.019) 
Household characteristics          
LV-HA (ref: LV-LA) -0.060 0.072 0.010 -0.070 0.035 0.010 -0.186 0.079 -0.111  
(0.100) (0.062) (0.106) (0.107) (0.063) (0.097) (0.132) (0.077) (0.125) 
HV-LA -0.050 0.006 0.059 -0.053 0.019 0.070 -0.170 0.059 -0.053  
(0.104) (0.052) (0.088) (0.102) (0.060) (0.093) (0.130) (0.075) (0.121) 
HV-HA -0.187* 0.043 -0.005 -0.209** 0.047 -0.003 -0.351** 0.103 -0.169  
(0.095) (0.050) (0.095) (0.102) (0.059) (0.092) (0.144) (0.087) (0.140) 
Child5b 0.034 -0.037 -0.006 0.036 -0.034 -0.006 0.031 -0.035 -0.003  
(0.051) (0.032) (0.039) (0.052) (0.030) (0.047) (0.053) (0.030) (0.049) 
Area -0.008 -0.005 0.002 -0.011 0.001 0.002 -0.022 0.005 -0.011  
(0.015) (0.012) (0.013) (0.017) (0.010) (0.016) (0.019) (0.011) (0.018) 
NonFoodExp_pc 0.009 -0.091** -0.009 0.010 -0.019 -0.007 -0.012 -0.012 -0.030  
(0.021) (0.046) (0.029) (0.022) (0.013) (0.020) (0.026) (0.015) (0.025) 
ImprovedToilet -0.001 -0.001 0.019 0.001 0.005 0.018 0.042 -0.010 0.057  
(0.072) (0.039) (0.065) (0.072) (0.043) (0.066) (0.079) (0.045) (0.073) 
Constant 6.288 8.223*** 0.054 1.263 0.765*** 0.448 1.793* 1.125** -0.614  
(4.954) (2.874) (1.854) (0.943) (0.220) (0.339) (1.036) (0.468) (0.749) 
          
Observations 234 234 234 234 234 234 234 234 234 
R2    0.124 0.158 0.064 -0.157 0.070 -0.305 
Pseudo R2 0.099 0.280 0.061       
Log-likelihood -139.600 -52.520 -121.000       
χ2 32.310 50.300 15.180       
Linktest p-value 0.468 0.053 0.745       
Notes: Underwt, ‘Underweight’. Standard errors are indicated in parentheses in the 3SLS and SUR estimators. In the Logit estimator, marginal effects are shown with robust standard errors in 
parentheses clustered at the household level. We use small-sample statistics and an alternate divisor in computing the covariance matrix for the equation residuals in SUR estimator. The first-stage 
regression coefficients are in Appendix A-7. *** p<0.01, ** p<0.05, * p<0.1.  
a/ HtMother included only in the HAZ and stunting models. 
Source: Vietnam Rural Household Survey (July-August 2016).  
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Table 3.6 Impact of smallholder vegetable production on the prevalence of stunting, wasting, and underweight of sampled boys and girls 
 Dependent variable and estimator: Prevalence of (Boys) 
  (1) (2) (3) (4) (5) (6) (7) (8) (9) 


















VegDiversity -0.045*  0.029 -0.051* 0.004 0.033 0.437** -0.211** 0.311**  
(0.024)  (0.019) (0.029) (0.014) (0.026) (0.185) (0.089) (0.157) 
TimeMarket -0.035  -0.362** -0.028 -0.001 -0.198 -0.012 -0.029 -0.182  
(0.175)  (0.169) (0.195) (0.092) (0.174) (0.190) (0.093) (0.170) 
TradMarket 0.016  -0.123 0.017 -0.125** -0.113 -0.483** 0.088 -0.439**  
(0.097)  (0.087) (0.105) (0.050) (0.094) (0.208) (0.106) (0.190) 
ModMarket -0.086  0.094 -0.091 0.066 0.003 -0.297** 0.130** -0.110  
(0.106)  (0.123) (0.128) (0.061) (0.115) (0.135) (0.065) (0.119) 
 Prevalence of (Girls) 
VegDiversity 0.009 -0.017 -0.033 0.008 -0.014 -0.034 0.117 0.131 0.228*  
(0.028) (0.016) (0.026) (0.031) (0.020) (0.028) (0.138) (0.096) (0.137) 
TimeMarket 0.040 -0.098 -0.069 0.027 -0.100 -0.072 0.082 -0.057 0.008  
(0.219) (0.132) (0.172) (0.244) (0.156) (0.219) (0.234) (0.148) (0.211) 
TradMarket 0.014 0.064 -0.031 0.014 0.052 -0.028 0.043 -0.035 -0.152  
(0.107) (0.062) (0.090) (0.109) (0.069) (0.097) (0.114) (0.075) (0.107) 
ModMarket -0.167  -0.237** -0.159 -0.176** -0.188 -0.079 -0.120 -0.069  
(0.124)  (0.108) (0.137) (0.088) (0.123) (0.133) (0.085) (0.121) 
Notes: Underwt, ‘Underweight’. Full models with the control variables used are found in Appendix Table A3.9 and Table A3.10. Standard errors are indicated 
in parentheses in the 3SLS and SUR estimators. In the Logit estimator, marginal effects are shown with robust standard errors in parentheses clustered at the 
household level. We use small-sample statistics and an alternate divisor in computing the covariance matrix for the equation residuals in SUR estimator. The 
first-stage regression coefficients are in Appendix A-7. *** p<0.01, ** p<0.05, * p<0.1. 
a/ Wasting for boys not available due to convergence failure (small number of observations). 
Source: Vietnam Rural Household Survey (July-August 2016).
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Appendix. Full model estimates 
Table A3.7 and Table A3.8 show the full model estimates of the impact of smallholder 
vegetable production on HAZ, WHZ, and WAZ of sampled boys and girls, respectively. 
Table A3.9 and Table A3.10 show the full model estimates of the impact of smallholder 
vegetable production on the prevalence of stunting, wasting, and underweight of sampled 
boys and girls, respectively.
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Table A3.7 Impact of smallholder vegetable production on HAZ, WHZ, and WAZ of sampled boys 
 Dependent variables and estimators: Z-scores (Boys) 
  (1) (2) (3) (4) (5) (6)  (7) (8) (9) 
Variables HAZ OLS WHZ OLS WAZ OLS  HAZ SUR  WHZ SUR  WAZ SUR  HAZ 3SLS WHZ 3SLS WAZ 3SLS 
Main variables of interest          
VegDiversity 0.089 -0.093 -0.019 0.094 -0.093 -0.019 -0.795 0.772* -0.046  
(0.102) (0.076) (0.050) (0.094) (0.074) (0.052) (0.541) (0.449) (0.273) 
TimeMarket 1.007 -0.256 0.376 1.012 -0.256 0.376 1.001 -0.159 0.378  
(0.634) (0.543) (0.304) (0.632) (0.493) (0.345) (0.610) (0.491) (0.334) 
TradMarket 0.025 0.422 0.331* 0.033 0.422 0.331* 0.975 -0.474 0.407  
(0.430) (0.294) (0.175) (0.340) (0.265) (0.185) (0.630) (0.544) (0.345) 
ModMarket -0.140 0.085 -0.021 -0.149 0.085 -0.021 0.301 -0.188 0.069  
(0.425) (0.328) (0.257) (0.416) (0.325) (0.227) (0.432) (0.343) (0.233) 
Gender          
Income -0.386 0.255 -0.017 -0.398 0.255 -0.017 -0.381 0.300 -0.016  
(0.362) (0.293) (0.179) (0.343) (0.268) (0.187) (0.382) (0.305) (0.171) 
Workload 0.598 0.004 0.319* 0.615 0.004 0.319 -0.005 0.540 0.302  
(0.383) (0.268) (0.185) (0.379) (0.296) (0.207) (0.560) (0.437) (0.252) 
Child characteristics          
DDS 0.060 0.021 0.038 0.052 0.021 0.038 0.026 0.071 0.025  
(0.176) (0.160) (0.110) (0.175) (0.137) (0.096) (0.194) (0.158) (0.090) 
AgeChild -0.014 0.015 -0.001 -0.014 0.015* -0.001 -0.021 0.023** -0.001  
(0.018) (0.009) (0.006) (0.011) (0.009) (0.006) (0.013) (0.011) (0.006) 
Diarrhea 0.399 0.034 0.312 0.389 0.034 0.312 -0.297 0.744 0.277  
(0.405) (0.406) (0.209) (0.428) (0.334) (0.234) (0.620) (0.524) (0.307) 
Maternal characteristics          
AgeMother -0.007 0.007 0.001 -0.008 0.007 0.001 -0.010 0.009 0.001  
(0.009) (0.007) (0.005) (0.010) (0.007) (0.005) (0.011) (0.009) (0.005) 
EducMother -0.137* 0.142** 0.037 -0.127 0.142** 0.037 -0.093 0.057 0.039  
(0.083) (0.065) (0.043) (0.082) (0.064) (0.045) (0.098) (0.083) (0.048) 
MongMother -1.097*** 0.745** -0.116 -1.137*** 0.745** -0.116 -0.562 0.389 -0.097  
(0.392) (0.373) (0.261) (0.438) (0.342) (0.239) (0.592) (0.431) (0.245) 
HtMothera 0.003   -0.008*   0.049    
(0.032)   (0.005)   (0.044)   
BMIMother 0.008 0.031 0.024 0.012 0.031 0.024 -0.076 0.104* 0.024  
(0.061) (0.043) (0.031) (0.056) (0.044) (0.031) (0.083) (0.062) (0.036) 
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Table A3.7 Continued 
 Dependent variables and estimators: Z-scores (Boys) 
  (1) (2) (3) (4) (5) (6)  (7) (8) (9) 
Variables HAZ OLS WHZ OLS WAZ OLS  HAZ SUR  WHZ SUR  WAZ SUR  HAZ 3SLS WHZ 3SLS WAZ 3SLS 
Household characteristics          
LV-HA (ref: LV-LA) -0.062 -0.029 -0.089 -0.045 -0.029 -0.089 0.850 -0.992 -0.048  
(0.479) (0.401) (0.278) (0.527) (0.411) (0.287) (0.790) (0.676) (0.395) 
HV-LA -0.240 0.191 0.038 -0.229 0.191 0.038 0.535 -0.590 0.086  
(0.489) (0.364) (0.249) (0.490) (0.382) (0.267) (0.697) (0.590) (0.345) 
HV-HA -0.005 -0.113 -0.003 0.025 -0.113 -0.003 1.231 -1.446* 0.060  
(0.536) (0.471) (0.292) (0.530) (0.414) (0.289) (0.954) (0.843) (0.501) 
Child5b 0.031 0.031 0.022 0.023 0.031 0.022 0.066 0.031 0.025  
(0.216) (0.155) (0.116) (0.254) (0.199) (0.139) (0.285) (0.228) (0.126) 
Area -0.142 0.106 0.006 -0.139 0.106 0.006 0.017 -0.071 0.007  
(0.113) (0.077) (0.056) (0.145) (0.113) (0.079) (0.186) (0.155) (0.089) 
NonFoodExp_pc 0.068 0.216*** 0.203*** 0.070 0.216** 0.203*** 0.070 0.204* 0.203***  
(0.110) (0.050) (0.057) (0.118) (0.092) (0.064) (0.132) (0.106) (0.059) 
ImprovedToilet 0.184 0.061 0.157 0.197 0.061 0.157 0.062 0.150 0.161  
(0.353) (0.272) (0.194) (0.331) (0.258) (0.180) (0.380) (0.299) (0.167) 
Constant -1.740 -3.140** -2.749*** -0.115 -3.140** -2.749*** -5.361 -6.309*** -2.714**  
(4.811) (1.478) (0.967) (1.803) (1.305) (0.912) (5.610) (2.222) (1.300) 
          
Observations 123 123 123 123 123 123 123 123 123 
R2 0.178 0.215 0.253 0.177 0.215 0.253 -0.519 -0.849 0.250 
Adjusted R2 0.010 0.061 0.107       
Log-likelihood -218.700 -188.90 -144.800       
Ramsey RESET test p-value 0.629 0.419 0.339       
Linktest p-value 0.903 0.655 0.657       
Correlation matrix residuals          
HAZ-WHZ    -0.479      
HAZ-WAZ    0.481      
WHZ-WAZ    0.527      
Breusch-Pagan p-value    0.000      
Notes: Standard errors are indicated in parentheses in the 3SLS and SUR estimators. In the OLS estimator, robust standard errors are in parentheses and clustered at the household level. We use 
small-sample statistics and an alternate divisor in computing the covariance matrix for the equation residuals in SUR estimator. The first-stage regression coefficients are in Appendix A-7.                            
*** p<0.01, ** p<0.05, * p<0.1. 
a/ HtMother included only in the HAZ and stunting models. 
Source: Vietnam Rural Household Survey (July-August 2016).  
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Table A3.8 Impact of smallholder vegetable production on HAZ, WHZ, and WAZ of sampled girls 
 Dependent variables and estimators: Z-scores (Girls) 
 (1) (2) (3) (4) (5) (6)  (7) (8) (9) 
Variables HAZ OLS WHZ OLS WAZ OLS  HAZ SUR  WHZ SUR  WAZ SUR  HAZ 3SLS WHZ 3SLS WAZ 3SLS 
Main variables of interest          
VegDiversity -0.022 -0.024 -0.020 -0.016 -0.024 -0.020 1.134** -1.201** -0.198  
(0.080) (0.092) (0.073) (0.111) (0.100) (0.065) (0.503) (0.492) (0.309) 
TimeMarket -0.633 0.905 0.322 -0.529 0.905 0.322 -0.273 0.553 0.264  
(0.870) (0.725) (0.411) (0.871) (0.781) (0.506) (0.834) (0.749) (0.486) 
TradMarket 0.156 0.392 0.396 0.230 0.392 0.396* -0.250 0.905** 0.498**  
(0.424) (0.355) (0.255) (0.384) (0.344) (0.223) (0.406) (0.381) (0.246) 
ModMarket 0.648 0.246 0.593** 0.679 0.246 0.593** 1.115** -0.245 0.487*  
(0.546) (0.334) (0.261) (0.490) (0.440) (0.285) (0.473) (0.430) (0.278) 
Gender          
Income -0.325 -0.580 -0.614** -0.345 -0.580 -0.614** 0.449 -1.373*** -0.731**  
(0.370) (0.466) (0.264) (0.420) (0.376) (0.244) (0.544) (0.514) (0.298) 
Workload 0.602 -0.393 0.091 0.666 -0.393 0.091 1.604** -1.379** -0.055  
(0.459) (0.382) (0.228) (0.431) (0.386) (0.250) (0.633) (0.588) (0.347) 
Child characteristics          
DDS 0.063 -0.075 -0.010 0.065 -0.075 -0.010 0.177 -0.191 -0.026  
(0.175) (0.148) (0.098) (0.168) (0.151) (0.098) (0.185) (0.171) (0.095) 
AgeChild -0.011 -0.002 -0.010 -0.010 -0.002 -0.010 -0.018 0.006 -0.009  
(0.014) (0.010) (0.006) (0.012) (0.011) (0.007) (0.014) (0.013) (0.007) 
Diarrhea 0.402 -0.874** -0.513 0.282 -0.874* -0.513* 1.152* -1.710*** -0.640*  
(0.613) (0.436) (0.323) (0.508) (0.455) (0.295) (0.633) (0.594) (0.341) 
Maternal characteristics          
AgeMother -0.007 0.002 -0.004 -0.007 0.002 -0.004 0.009 -0.015 -0.006  
(0.012) (0.012) (0.007) (0.013) (0.012) (0.007) (0.015) (0.014) (0.008) 
EducMother -0.044 0.103 0.048 -0.051 0.103 0.048 0.033 0.017 0.033  
(0.113) (0.094) (0.056) (0.099) (0.089) (0.058) (0.111) (0.103) (0.058) 
MongMother 0.126 0.200 0.115 -0.008 0.200 0.115 0.653 -0.425 0.016  
(0.488) (0.451) (0.300) (0.484) (0.433) (0.281) (0.582) (0.537) (0.304) 
HtMothera 0.032   -0.002   0.013    
(0.034)   (0.006)   (0.039)   
BMIMother -0.120* 0.142** 0.027 -0.132* 0.142** 0.027 0.111 -0.101 -0.010  
(0.062) (0.064) (0.045) (0.076) (0.068) (0.044) (0.129) (0.126) (0.076) 
 
191 
Table A3.8 Continued 
 Dependent variables and estimators: Z-scores (Girls) 
 (1) (2) (3) (4) (5) (6)  (7) (8) (9) 
Variables HAZ OLS WHZ OLS WAZ OLS  HAZ SUR  WHZ SUR  WAZ SUR  HAZ 3SLS WHZ 3SLS WAZ 3SLS 
Household characteristics          
LV-HA (ref: LV-LA) 0.427 -0.358 0.014 0.452 -0.358 0.014 -0.377 0.460 0.128  
(0.515) (0.442) (0.284) (0.555) (0.497) (0.322) (0.671) (0.629) (0.359) 
HV-LA 0.305 -0.524 -0.237 0.280 -0.524 -0.237 -0.617 0.405 -0.097  
(0.531) (0.559) (0.369) (0.574) (0.515) (0.334) (0.728) (0.679) (0.390) 
HV-HA 0.681 -0.194 0.279 0.744 -0.194 0.279 -0.250 0.779 0.415  
(0.488) (0.394) (0.232) (0.518) (0.464) (0.301) (0.679) (0.645) (0.375) 
Child5b -0.294 0.077 -0.144 -0.323 0.077 -0.144 -0.253 0.021 -0.152  
(0.220) (0.291) (0.177) (0.271) (0.243) (0.158) (0.290) (0.265) (0.144) 
Area 0.040 0.052 0.062* 0.045 0.052 0.062 -0.045 0.141* 0.076*  
(0.045) (0.036) (0.031) (0.075) (0.067) (0.044) (0.085) (0.079) (0.045) 
NonFoodExp_pc -0.019 0.062 0.029 -0.016 0.062 0.029 -0.206 0.254** 0.058  
(0.134) (0.141) (0.077) (0.106) (0.095) (0.062) (0.137) (0.129) (0.075) 
ImprovedToilet -0.018 -0.035 -0.033 -0.049 -0.035 -0.033 0.245 -0.325 -0.078  
(0.400) (0.403) (0.236) (0.412) (0.370) (0.240) (0.453) (0.418) (0.232) 
Constant -3.665 -3.399** -1.513 1.687 -3.399* -1.513 -10.921 7.157 0.085  
(5.327) (1.592) (1.190) (2.484) (2.048) (1.327) (7.264) (4.911) (3.030) 
          
Observations 111 111 111 111 111 111 111 111 111 
R2 0.174 0.192 0.248 0.166 0.192 0.248 -0.830 -1.064 0.184 
Adjusted R2 -0.021 0.012 0.081       
Log-likelihood -207.300 -195.900 -147.700       
Ramsey RESET test p-value 0.038 0.570 0.108       
Linktest p-value 0.244 0.183 0.412       
Correlation matrix residuals          
HAZ-WHZ    -0.549      
HAZ-WAZ    0.367      
WHZ-WAZ    0.563      
Breusch-Pagan p-value    0.000      
Notes: Standard errors are indicated in parentheses in the 3SLS and SUR estimators. In the OLS estimator, robust standard errors are in parentheses and clustered at the household level. We use 
small-sample statistics and an alternate divisor in computing the covariance matrix for the equation residuals in SUR estimator. The first-stage regression coefficients are in Appendix A-7.                           
*** p<0.01, ** p<0.05, * p<0.1. 
a/ HtMother included only in the HAZ and stunting models. 
Source: Vietnam Rural Household Survey (July-August 2016).  
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Table A3.9 Impact of smallholder vegetable production on the prevalence of stunting, wasting, and underweight of sampled boys  
 Dependent variables and estimators: Prevalence of (Boys) 



















Main variables of interest          
VegDiversity -0.045*  0.029 -0.051* 0.004 0.033 0.437** -0.211** 0.311**  
(0.024)  (0.019) (0.029) (0.014) (0.026) (0.185) (0.089) (0.157) 
TimeMarket -0.035  -0.362** -0.028 -0.001 -0.198 -0.012 -0.029 -0.182  
(0.175)  (0.169) (0.195) (0.092) (0.174) (0.190) (0.093) (0.170) 
TradMarket 0.016  -0.123 0.017 -0.125** -0.113 -0.483** 0.088 -0.439**  
(0.097)  (0.087) (0.105) (0.050) (0.094) (0.208) (0.106) (0.190) 
ModMarket -0.086  0.094 -0.091 0.066 0.003 -0.297** 0.130** -0.110  
(0.106)  (0.123) (0.128) (0.061) (0.115) (0.135) (0.065) (0.119) 
Gender          
Income 0.030  -0.075 0.041 -0.114** -0.042 0.031 -0.126** -0.032  
(0.098)  (0.079) (0.106) (0.050) (0.095) (0.153) (0.063) (0.108) 
Workload -0.083  -0.130 -0.094 0.064 -0.077 0.247 -0.068 0.099  
(0.107)  (0.103) (0.118) (0.055) (0.105) (0.211) (0.089) (0.154) 
Child characteristics          
DDS -0.027  0.017 -0.021 -0.020 0.016 -0.011 -0.031 0.038  
(0.051)  (0.040) (0.054) (0.026) (0.048) (0.077) (0.033) (0.056) 
AgeChild -0.001  -0.002 -0.001 -0.004** -0.003 0.003 -0.006*** 0.000  
(0.004)  (0.003) (0.004) (0.002) (0.003) (0.005) (0.002) (0.004) 
Diarrhea -0.168  0.033 -0.164 0.091 0.037 0.206 -0.082 0.275  
(0.117)  (0.097) (0.132) (0.063) (0.118) (0.233) (0.106) (0.184) 
Maternal characteristics          
AgeMother 0.004  -0.001 0.004 -0.001 0.000 0.005 -0.001 0.001  
(0.003)  (0.002) (0.003) (0.001) (0.003) (0.004) (0.002) (0.003) 
EducMother 0.038  -0.017 0.031 -0.029** -0.014 0.012 -0.008 -0.042  
(0.024)  (0.020) (0.026) (0.012) (0.023) (0.039) (0.017) (0.029) 
MongMother 0.197  0.051 0.228 -0.170*** 0.080 -0.085 -0.084 -0.043  
(0.120)  (0.125) (0.138) (0.064) (0.121) (0.228) (0.089) (0.152) 
HtMotherb -0.003   0.003   -0.028*    
(0.009)   (0.008)   (0.017)   
BMIMother -0.009  0.016 -0.012 -0.005 0.015 0.038 -0.023* 0.037*  
(0.016)  (0.013) (0.018) (0.008) (0.016) (0.031) (0.013) (0.022) 
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Table A3.9 Continued 
 Dependent variables and estimators: Prevalence of (Boys) 



















Household characteristics          
LV-HA (ref: LV-LA) 0.077  -0.027 0.055 -0.011 -0.023 -0.429 0.227* -0.335  
(0.144)  (0.148) (0.163) (0.077) (0.145) (0.296) (0.137) (0.237) 
HV-LA 0.036  0.038 0.016 -0.091 0.038 -0.391 0.101 -0.223  
(0.138)  (0.123) (0.151) (0.071) (0.135) (0.262) (0.119) (0.207) 
HV-HA -0.094  -0.104 -0.137 0.011 -0.080 -0.789** 0.340** -0.516*  
(0.153)  (0.146) (0.165) (0.077) (0.146) (0.347) (0.169) (0.296) 
Child5b 0.037  -0.109* 0.040 0.001 -0.088 0.018 0.001 -0.089  
(0.068)  (0.058) (0.079) (0.037) (0.070) (0.115) (0.047) (0.080) 
Area 0.028  -0.020 0.025 -0.013 -0.019 -0.063 0.031 -0.075  
(0.038)  (0.025) (0.045) (0.021) (0.040) (0.072) (0.032) (0.054) 
NonFoodExp_pc -0.006  -0.196* -0.007 -0.007 -0.028 -0.007 -0.005 -0.032  
(0.030)  (0.106) (0.036) (0.017) (0.033) (0.053) (0.022) (0.037) 
ImprovedToilet 0.003  -0.051 -0.005 -0.017 -0.037 0.072 -0.040 -0.014  
(0.103)  (0.085) (0.102) (0.048) (0.091) (0.151) (0.062) (0.105) 
Constant 3.581  -0.233 0.304 0.765*** 0.157 3.144 1.558*** -0.821  
(7.217)  (2.847) (1.318) (0.244) (0.461) (2.212) (0.449) (0.780) 
          
Observations 123  123 123 123 123 123 123 123 
R2    0.138 0.274 0.126 -2.154 -1.452 -0.856 
Pseudo R2 0.116  0.164       
Log-likelihood -70.400  -56.150       
χ2 19.720  19.410       
Linktest p-value 0.217  0.716       
Notes: Underwt, ‘Underweight’. Standard errors are indicated in parentheses in the 3SLS and SUR estimators. In the Logit estimator, marginal effects are shown with robust standard errors in 
parentheses clustered at the household level. We use small-sample statistics and an alternate divisor in computing the covariance matrix for the equation residuals in SUR estimator. The first-stage 
regression coefficients are in Appendix A-7. *** p<0.01, ** p<0.05, * p<0.1. 
a/ Wasting for boys not available due to convergence failure (small number of observations).  
b/ HtMother included only in the HAZ and stunting models. 
Source: Vietnam Rural Household Survey (July-August 2016). 
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Table A3.10 Impact of smallholder vegetable production on the prevalence of stunting, wasting, and underweight of sampled girls 
 Dependent variables and estimators: Prevalence of (Girls) 



















Main variables of interest          
VegDiversity 0.009 -0.017 -0.033 0.008 -0.014 -0.034 0.117 0.131 0.228*  
(0.028) (0.016) (0.026) (0.031) (0.020) (0.028) (0.138) (0.096) (0.137) 
TimeMarket 0.040 -0.098 -0.069 0.027 -0.100 -0.072 0.082 -0.057 0.008  
(0.219) (0.132) (0.172) (0.244) (0.156) (0.219) (0.234) (0.148) (0.211) 
TradMarket 0.014 0.064 -0.031 0.014 0.052 -0.028 0.043 -0.035 -0.152  
(0.107) (0.062) (0.090) (0.109) (0.069) (0.097) (0.114) (0.075) (0.107) 
ModMarket -0.167  -0.237** -0.159 -0.176** -0.188 -0.079 -0.120 -0.069  
(0.124)  (0.108) (0.137) (0.088) (0.123) (0.133) (0.085) (0.121) 
Gender          
Income 0.175* -0.128 0.098 0.186 -0.048 0.099 0.261* 0.046 0.274**  
(0.098) (0.105) (0.097) (0.117) (0.075) (0.106) (0.138) (0.095) (0.138) 
Workload -0.156* 0.144* -0.126 -0.194 0.122 -0.122 -0.087 0.243** 0.096  
(0.094) (0.083) (0.098) (0.121) (0.077) (0.108) (0.164) (0.110) (0.159) 
Child characteristics          
DDS -0.042 0.047 0.013 -0.045 0.025 0.016 -0.036 0.040 0.041  
(0.042) (0.033) (0.036) (0.047) (0.030) (0.042) (0.045) (0.031) (0.045) 
AgeChild 0.002 -0.001 -0.001 0.002 -0.002 -0.001 0.002 -0.003 -0.003  
(0.003) (0.003) (0.003) (0.003) (0.002) (0.003) (0.003) (0.002) (0.003) 
Diarrhea -0.081 0.331*** 0.071 -0.049 0.288*** 0.091 -0.004 0.392*** 0.277*  
(0.123) (0.080) (0.107) (0.145) (0.091) (0.128) (0.159) (0.109) (0.159) 
Maternal characteristics          
AgeMother 0.005 -0.002 0.003 0.005 -0.003 0.003 0.006 -0.001 0.006*  
(0.003) (0.002) (0.003) (0.004) (0.002) (0.003) (0.004) (0.003) (0.004) 
EducMother -0.003 -0.008 -0.034 -0.000 -0.028 -0.034 0.002 -0.016 -0.015  
(0.025) (0.018) (0.021) (0.028) (0.018) (0.025) (0.027) (0.019) (0.027) 
MongMother -0.041 -0.113 -0.010 0.011 -0.082 0.001 0.031 -0.003 0.141  
(0.131) (0.080) (0.108) (0.139) (0.086) (0.122) (0.144) (0.098) (0.143) 
HtMothera -0.016*   -0.009   -0.018*    
(0.009)   (0.009)   (0.010)   
BMIMother 0.041** -0.050*** -0.042** 0.042* -0.023* -0.039** 0.061* 0.007 0.015  
(0.016) (0.016) (0.021) (0.021) (0.014) (0.019) (0.034) (0.024) (0.034) 
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Table A3.10 Continued 
 Dependent variables and estimators: Prevalence of (Girls) 



















Household characteristics          
LV-HA (ref: LV-LA) -0.163 0.222* 0.054 -0.182 0.063 0.065 -0.255 -0.035 -0.114  
(0.131) (0.118) (0.155) (0.155) (0.099) (0.140) (0.168) (0.116) (0.168) 
HV-LA -0.035 0.238** 0.064 -0.036 0.212** 0.106 -0.125 0.097 -0.100  
(0.152) (0.104) (0.140) (0.160) (0.103) (0.145) (0.184) (0.125) (0.182) 
HV-HA -0.236** 0.102 0.023 -0.258* 0.014 0.034 -0.335* -0.104 -0.178  
(0.114) (0.128) (0.118) (0.145) (0.093) (0.130) (0.173) (0.120) (0.173) 
Child5b 0.028 -0.163* 0.066 0.032 -0.053 0.065 0.030 -0.047 0.078  
(0.074) (0.096) (0.057) (0.076) (0.048) (0.068) (0.070) (0.047) (0.069) 
Area -0.005 -0.020 0.007 -0.007 0.001 0.005 -0.017 -0.009 -0.014  
(0.015) (0.081) (0.016) (0.021) (0.013) (0.019) (0.021) (0.014) (0.021) 
NonFoodExp_pc 0.020 -0.215** -0.004 0.021 -0.035* 0.001 0.005 -0.059** -0.041  
(0.027) (0.089) (0.043) (0.030) (0.019) (0.027) (0.035) (0.024) (0.035) 
ImprovedToilet 0.005 -0.071 0.076 0.021 0.002 0.078 0.044 0.037 0.143  
(0.107) (0.088) (0.084) (0.115) (0.074) (0.104) (0.111) (0.076) (0.110) 
Constant 8.165 14.812* 4.311 0.993 0.933** 1.023* 1.339 -0.368 -1.320  
(8.232) (7.985) (3.350) (1.573) (0.408) (0.575) (1.814) (0.946) (1.355) 
          
Observations 111 88 111 111 111 111 111 111 111 
R2    0.207 0.280 0.145 0.099 -0.149 -0.684 
Pseudo R2 0.174 0.411 0.144       
Log-likelihood -61.930 -22.700 -52.690       
χ2 30.790 40.740 29.920       
Linktest p-value 0.382 0.149 0.976       
Notes: Underwt, ‘underweight’. Standard errors are indicated in parentheses in the 3SLS and SUR estimators. In the Logit estimator, marginal effects are shown with robust standard errors in 
parentheses clustered at the household level. We use small-sample statistics and an alternate divisor in computing the covariance matrix for the equation residuals in SUR estimator. The first-stage 
regression coefficients are in Appendix A-7. *** p<0.01, ** p<0.05, * p<0.1. 
a/ HtMother included only in the HAZ and stunting models. 
Source: Vietnam Rural Household Survey (July-August 2016).  
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instrument test Preferred 





HAZ VegDiversity Distance 234 0.3074 0.3524 6.7401 OLS 
 TradMarket PctNeighborTrad 234 0.5575 0.5786 26.1301 OLS 
 ModMarket PctNeighborMod 234 0.0714 0.0899 6.5143 3SLS 
  
 
     
WHZ VegDiversity Distance 234 0.3752 0.3998 7.7050 OLS 
 TradMarket PctNeighborTrad 234 0.7765 0.7873 26.3764 OLS 
 ModMarket PctNeighborMod 234 0.2692 0.2983 6.7931 OLS 
        
WAZ VegDiversity Distance 234 0.8303 0.8376 7.7050 OLS 
 TradMarket PctNeighborTrad 234 0.4540 0.4749 26.3764 OLS 
 ModMarket PctNeighborMod 234 0.5750 0.5935 6.7931 OLS 
        
Stunting VegDiversity Distance 234 0.2112 0.2612 6.7401 Logit 
 TradMarket PctNeighborTrad 234 0.2606 0.2857 26.1301 Logit 
 ModMarket PctNeighborMod 234 0.7582 0.7720 6.5143 Logit 
  
 
     
Wasting VegDiversity Distance 234 0.4641 0.4742 7.7050 Logit 
 TradMarket PctNeighborTrad 234 0.0565 0.0654 26.3764 3SLS 
 ModMarket PctNeighborMod 234 0.4519 0.4784 6.7931 Logit 
        
Underweight VegDiversity Distance 234 0.1812 0.1976 7.7050 Logit 
 TradMarket PctNeighborTrad 234 0.2732 0.2910 26.3764 Logit 
 ModMarket PctNeighborMod 234 0.5438 0.5650 6.7931 Logit 
Notes: Distance, distance of the household to an agriculture office in meters; PctNeighborTrad, per cent of surveyed neighbours in the village selling to 
traditional channels excluding self/household; PctNeighborMod, per cent of surveyed neighbours in the village selling to modern channels excluding 
self/household. 
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4 Understanding food choice factors of rural households from 
northwest Vietnam  
Abstract: In northwest Vietnam, young children from ethnic minority households have 
stunting and underweight rates that are 1.4 times higher than the national average. One 
reason posited for this is poor diet and nutrition. Parental food choices have been shown 
to directly influence children’s diets, dietary behaviours, and, ultimately, nutritional 
outcomes. This paper investigates the food choice motivations of rural households using 
a cross-sectional data set of 510 households from northwest Vietnam interviewed in July 
and August 2016. A modified Food Choice Questionnaire (FCQ) is used to assess factors 
related to food choice, and to explore relationships between food choice factors, diet 
quality and various sociodemographic characteristics. Results show four distinct food 
choice factors: ‘Natural and healthy’, ‘Familiarity’, ‘Balanced diet’, and ‘Convenience’. 
Two distinct consumer clusters are identified: ‘Health-conscious’ households and 
‘Pragmatic’ households. ‘Health-conscious’ households rank ‘Balanced diet’ and 
‘Natural and healthy’ highly, while ‘Pragmatic’ households prioritise ‘Convenience’ and 
‘Familiarity’. ‘Health-conscious’ households have significantly more diverse diets, are 
wealthier, and have greater geographic concentration in the high vegetable density per 
capita-high elevation areas (36%). Their main food preparers are more educated and about 
13 per cent have Kinh ethnicity. These results indicate the importance of incorporating 
food choice motivations in future dietary change interventions to ensure that they are 
tailored to different groups with distinct motivations and particular sociodemographic and 
lifestyle characteristics. 




Globally, studies have shown that ethnic minorities (also known as indigenous peoples’ 
groups) have a higher prevalence of noncommunicable diseases and poorer health 
outcomes, including stunting and wasting in children under five, compared to the rest of 
the population (Damman 2005; Einsiedel et al. 2013; Montenegro & Stephens 2006; 
Murphy et al. 1997; Schulz & Chaudhari 2015; Teufel-Shone et al. 2015). In Lao Cai 
province, Vietnam, ethnic minority groups comprise 64 per cent of the total population, 
and the ratios of stunting and underweight among children are 1.4 times higher than the 
national average (Lao Cai People's Committee 2016; NIN 2015).37 Poor dietary intake 
and low variety of healthy food are posited as reasons for these higher rates of stunting 
and underweight among children (Swinburn et al. 2019) 
In Chapter 2, the dietary quality of the ethnic minorities in the province was found to 
be relatively diverse, with food consumption derived mainly from four food groups 
(cereals, vegetables, meat and poultry, and nuts and beans). However, considering the 
prevalence of noncommunicable diseases, especially among children under five (Chapter 
3) that may be preventable with improved diet and nutrition, there is a need to understand 
the factors influencing the food choices of these rural Vietnamese households. Previous 
research has shown that parental food choice motivations directly influence children’s 
diets, which implies that food choice affects dietary behaviours and, ultimately, 
nutritional outcomes (Hursti 1999; Oellingrath et al. 2013; Russell et al. 2015; 
Søndergaard & Edelenbos 2007).  
                                                 
37 Vietnam is composed of 54 ethnic groups, with the Kinh (86 per cent) and the Hoa (1 per 
cent) being the two largest; the rest are referred to as ethnic minorities or “dân tộc thiểu số” 
(Dang 2012; GSO 2010; van de Walle & Gunewardena 2001).  
 
201 
Food choices and diet-related behaviours are complex as they are influenced not only 
by biology and personal experience with food (e.g., taste, familiarity, satiety), but also by 
other individual factors (e.g., acquired knowledge, beliefs and feelings about food, and 
family and social networks), and the physical, social, and cultural environment (e.g., food 
availability, culture, price, income, time, education, media influences) (Contento 2011).  
The study of food choice among urban populations has gained traction due to the 
significant changes in diets arising from market globalisation, economic development, 
supermarket evolution, and changed work patterns (Cunha et al. 2018; Damman et al. 
2008). For instance, “Westernization” of traditional diets has been observed in Asia, and 
it is characterised by higher fat and protein content as opposed to traditional Asian diets 
that are high in carbohydrates (Pingali 2007). These dietary changes have resulted in a 
rising incidence of noncommunicable diseases (WHO 2002). Hence, the literature on 
food choice not only focuses on market research (e.g., Baudry et al. 2017; Chen 2007; 
Forestell et al. 2012; Hoek et al. 2011; House 2016; Lockie et al. 2004; Prescott et al. 
2002; Prescott et al. 2004; Stolz et al. 2011), but also on the promotion of healthy food 
intake (Locher et al. 2009; Mardon et al. 2015; Miedema et al. 2016; Mitterer-Daltoe et 
al. 2013; Pollard et al. 2002; Steptoe et al. 2016). 
The Food Choice Questionnaire (FCQ) is an instrument that is well established in the 
food choice literature, designed to assess the relative importance of several factors related 
to an individual’s dietary choices (Steptoe et al. 1995). These factors include health, 
mood, convenience, sensory appeal, natural content, price, weight control, familiarity, 
and ethical concerns. The FCQ has been adapted and validated for use in several cross-
cultural studies in Asia, Europe, and Latin America (Ares & Gambaro 2008; Heitor et al. 
2015; Januszewska et al. 2011; Mardon et al. 2015; Milosevic et al. 2012; Prescott et al. 
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2002; Prescott et al. 2004), and has been modified to meet specific objectives, such as the 
addition of complementary scales or development of new food motivation typology 
(Fotopoulos et al. 2009; Lindeman & Vaananen 2000). Cunha et al. (2018) provides a 
detailed systematic review of previous FCQ studies. 
To date, there is little research looking at factors motivating food choices in rural, 
developing country contexts. Most studies that use the FCQ in Asia have focused on urban 
consumer samples, with an aim of testing the validity and reliability of the FCQ in 
different countries, and/or exploring the relative importance of gender and ethnicity (e.g., 
Malay, Chinese, and Indian ethnicities) in determining food choice motives (Abdul 
Rahman et al. 2013; Asma et al. 2010; Chen 2011; Januszewska et al. 2011; Maulida et 
al. 2016; Mohd-Any et al. 2014; Ooi et al. 2015; Prescott et al. 2002; Prescott et al. 2004).  
Sociodemographic and lifestyle characteristics, including culture, also influence the 
importance that individuals place on food choice factors (Ares & Gambaro 2007; Axelson 
1986; Maulida et al. 2016; Steptoe et al. 1995). As such, creating subgroups, based on 
these demographic profiles, could prove useful for future intervention strategies, 
especially when they are sensitive to the culture of the target population.  
This paper, therefore, aims to understand the factors motivating the food choices of 
rural households in Lao Cai province, Vietnam. In addition, we want to determine if 
unique groups or segments of the population exist that share similar motivating factors, 
and how food choice motivations relate to their household diets, food security, and other 
sociodemographic characteristics. Understanding the characteristics or profiles of 
segments or subgroups can aid in developing targeted intervention strategies and 
programs aimed at improving diet and, ultimately, nutritional outcomes. 
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4.2 Materials and Methods 
4.2.1 Household data and survey questionnaire  
The data in this study are from the same quantitative survey of rural farming households 
analysed in Chapters 2 and 3. The survey was conducted in July and August 2016 in Lao 
Cai Province, northwest Vietnam. This study was part of a large project ‘Towards more 
profitable and sustainable vegetable farming systems in north-western Vietnam 
(AGB/2012/059)’, funded by the Australian Centre for International Agricultural 
Research (ACIAR), aiming to improve the livelihoods of smallholder farmers in north-
western Vietnam through market engagement and improved resource and disease-
management practices.  
This study contributes to the broader aim of the ACIAR project by investigating 
whether there is a relationship between smallholder household characteristics and diets 
and nutritional outcomes. Ultimately, the goal of the research is to contribute information 
that may lead to programs and policies that address undernutrition among children in Lao 
Cai province, and improve livelihoods of the population in these remote areas in the long 
run. 
We used a multistage stratified random sampling approach in selecting households 
from four districts in the province: Bac Ha, Sa Pa, Muong Khuong, and Si Ma Cai. 
Chapter 2 provides further information on the sampling design. Ethnic minority 
households are geographically concentrated in these areas, mainly composed of the Mong 
(22%), the Tay (16%), the Dao (14%), the Giay (5%), and the Nung (4%) (Lao Cai 
People's Committee 2016). These different ethnic groups have developed their own 
distinctive cultures and farming systems, depending on the environment in which they 
live. The altitude of more than one-third of the communes in this region is at least 600 
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meters above sea level (Tran 2003). In some areas, access to markets is difficult due to 
distance, altitude, and poor infrastructure.  
In total, face-to-face interviews were conducted with 510 rural farming households 
using the digital data platform CommCare v.2.28.0 (Dimagi, Cambridge, MA). The main 
food-related decision-maker and food preparer was the target respondent because the 
major focus of the research was measuring food consumption, dietary quality, and 
understanding food choice motivations. 
The semi-structured questionnaire included modules on sociodemographic 
information and anthropometric measurements, intrahousehold food consumption, 
motives for food choice, dietary beliefs, and the Household Food Insecurity Access Scale 
(HFIAS), among others. The questionnaire was translated from English to Vietnamese by 
two translators, working separately and verifying each other’s work. The translated 
questionnaire was then validated by two native-speaking researchers from the Vietnam 
Women’s Union and the Vietnam National University of Agriculture. It was further 
refined by five researchers from the Mekong Development Research Institute (MDRI), 
which provided trained enumerators for data collection and administered the survey in 
the field. Several pilot interviews were conducted in March and July 2016 to confirm the 
accuracy and nuance of the questionnaire’s use of the local language.  
4.2.2 Food choices factors 
Food choice motivations were measured using a modified FCQ adapted from Steptoe et 
al. (1995) and Lindeman and Vaananen (2000). The modified FCQ was deemed useful 
since it is multidimensional and has been validated in cross-cultural studies worldwide.  
The original FCQ consisted of 36 questions used to measure health- and non-health-
related factors that may influence an individual’s food choices. Each question was 
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categorised into one of nine factors: health, mood, convenience, sensory appeal, natural 
content, price, weight control, familiarity, and ethical concerns. This study modified the 
FCQ by adding two factors (religion and balanced), and six questions under convenience, 
natural content, and familiarity based on results of the pre-tests and the literature (Table 
4.2). One item from the original FCQ (i.e. “… is packaged in an environmentally friendly 
way”) was removed and one item was rephrased (the phrase “… and supermarkets” was 
removed from one question). A two-item religion factor was adapted from Lindeman and 
Vaananen (2000). Based on the pre-tests and the Participant Observation Study, ethnic 
minority communities follow certain religious and traditional beliefs in worshipping their 
ancestors; rituals during pregnancy, marriage, sickness, funerals; and rituals performed 
by shamans to ward off negative energies. At times, these entail abstinence from 
consumption of certain foods, for instance, before and after childbirth. Under 
convenience, the item “… is readily available in my farm or garden” was included as 
most of these rural communities are engaged in small-scale agriculture production 
(International Food Policy Research Institute 2002). Likewise, two questions on natural 
content were added to reflect the suite of government policies on safe vegetable 
production: RAT (“Rau An Toan” or safe vegetables), Safe Agricultural Zones, Vietnam 
Good Agricultural Practices (VietGAP), and basic Good Agricultural Practices (basic 
GAP) (World Bank 2017). The three questions on familiarity were added to incorporate 
how other household members’ preferences, neighbours (similar ethnicities cluster 
together geographically), and ethnicity influence the main food preparer’s food choices 
(Resnicow et al. 1999).  
A four-item balanced factor was also created to incorporate the balance between hot 
and cold (am and duong) (Ladinsky et al. 1987; Rydstrøm 2004), in addition to questions 
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of being full or satiated (Hough & Sosa 2015), and concepts of a balanced diet consisting 
of meat and vegetables only or a balanced diet indicating one composed of rice, meat 
and/or vegetables. The ‘hot’ and ‘cold’ food classification is a belief that stems from 
traditional Vietnamese medicine in treating illnesses and is not related to the physical 
characteristics of food. This belief is passed on to women and is carried across generations 
(Ladinsky et al. 1987). In total, we have 47 items in the modified FCQ (Table 4.2). To 
prevent the order effect, the 47 items were randomised and unclassified when presented 
to respondents. The respondent is asked to rate the importance of each item using a 5-
point38 Likert scale, where 1 is not at all important, 2 is slightly important, 3 is normal, 4 
is important, and 5 is very important (Milosevic et al. 2012). This differs from the original 
FCQ that uses a 1-4 scale. 
4.2.3 Dietary quality indicator 
The dietary quality of a household has been shown to be influenced by the food choices 
of the main food preparer. As such, we want to understand the relationship between food 
choice motivating factors and diet quality. In this study, we use the Household Dietary 
Diversity Score (HDDS) to measure household dietary quality, which is the average 
number of food groups consumed by all household members (Kennedy et al. 2011). This 
measure is derived from the household food consumption module that was collected in 
July-August and November 2016. The HDDS is the mean dietary diversity score of each 
household for the two survey periods. Foods items consumed by the household are 
categorised according to the 14-food group classification in the 2007 Vietnamese Food 
Composition Table. The hypothesis is that household decision-makers, who are more 
                                                 
38 Initially, we used a 10-point Likert scale. However, the respondents (and the enumerators) 
had difficulty in responding during the pre-tests. 
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motivated by health-related factors versus other factors, may have diets that are more 
diverse. However, as discussed previously, other factors such as income and geographical 
access may also limit a household’s access to nutritious food.  
4.2.4 Household Food Insecurity Access Scale (HFIAS) 
We use the Household Food Insecurity Access Scale (HFIAS) to measure food insecurity 
in terms of resource constraints affecting access to food (Coates et al. 2007). It has a recall 
period of four weeks or 30 days. The HFIAS module is composed of nine occurrence 
questions that assess anxiety and uncertainty about the household’s food supply, 
insufficient quality, and insufficient food intake and its physical consequences, in the four 
weeks prior to the survey. In each of the occurrence questions, the respondent is asked 
whether the situation (insufficient quality) has occurred in the previous four weeks. If the 
respondent answered yes, frequency-of-occurrence is then asked to assess if the situation 
happened rarely (once or twice), sometimes (three to ten times) or often (more than ten 
times) in the past four weeks. The HFIAS score of each household is computed as the 
summation of frequency-of-occurrence questions where the minimum score is 0 and the 
maximum score is 27. The higher the score, the greater the food insecurity, in terms of 
access, experienced by the household in the past four weeks. 
4.3 Analysis and Results 
4.3.1 Exploratory Factor Analysis 
An Exploratory Factor Analysis (EFA) was conducted on the modified FCQ using IBM 
SPSS Statistics for Windows, Version 25.0 (IBM Corp., Armonk, NY) to focus on key 
factors prior to the conduct of two-step cluster analysis. The factorability of the 47 items 
was assessed using several diagnostic tests (Field 2013; Norman & Streiner 2008; 
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Tabachnick & Fidell 2007; Yong & Pearce 2013). Exploratory Factor Analysis was 
deemed suitable for 44 items after evaluating the Kaiser-Meyer-Olkin Measure of 
Sampling Adequacy (MSA), diagonals of the anti-image correlation matrix, the Bartlett’s 
test of sphericity, and the communalities. Principal Axis Factoring with oblique rotation 
(promax)39 was done yielding a stable solution of four distinct factors explaining 54 per 
cent of the variance (30%, 11%, 8%, and 5%). The factor loading matrix is presented in 
Table 4.3.  
The four distinct food choice motivation factors are: Factor 1 is labelled as ‘Natural 
and healthy’, Factor 2 as ‘Familiarity’, Factor 3 as ‘Balanced diet’, and Factor 4 as 
‘Convenience’. Unlike the original FCQ, natural content (e.g., “… is free from heavy 
metals”, “… contains no artificial ingredients”, “… contains natural ingredients”) and 
health (“… contains a lot of vitamins and minerals” and “… is high in protein”) loaded 
onto one factor (‘Natural and healthy’). Factor 3 was retained although it only has two 
variables. Norman and Streiner (2008) considers this a candidate for removal; however, 
Yong and Pearce (2013) suggests verifying its reliability by ensuring high correlation 
between the individual variables included in the factor (r>0.70) and low correlation with 
variables included in other factors. Results show that both variables in Factor 3 are highly 
correlated (r=0.76) and are uncorrelated with other variables (r ranges from 0.09 to 0.47, 
with most under 0.40). Internal consistency for each of the scales was examined using 
Cronbach’s alpha. The alphas showed good reliability (>0.70): 0.88 for Factor 1 (11 
items), 0.83 for Factor 2 (8 items), 0.87 for Factor 3 (2 items), and 0.71 for Factor 4 (3 
items). 
                                                 
39 Several factors were found to be correlated (>0.50) based on the Factor Correlation Matrix 
(Factor 1 is correlated with Factor 3 [r=0.56], Factor 2 is correlated with Factor 3 [r=0.51]) 
(Appendix Table A4.9). 
 
209 
Table 4.4 shows the mean values for each factor, where higher scores indicate greater 
importance placed on the factor. All four factors are considered important by most rural 
households, showing negatively skewed distributions. In order of importance, ‘Balanced 
diet’ is the food choice factor that rural households consider most important, followed by 
‘Familiarity’, ‘Convenience’, and ‘Natural and healthy’.  
For each household included in the analyses, regression-based factor scores were 
obtained for each factor (Tabachnick & Fidell 2007). These factor scores were used as 
segmentation variables for the cluster analysis, which is explained in the subsequent 
section. 
4.3.2 Cluster Analysis 
A two-step cluster analysis was performed using each household’s four regression-based 
factor scores to determine if there are ‘clusters’ or segments of rural households with 
similar motivational profiles, and to assess how the ‘clusters’ differ in terms of household 
diets, food security, and other sociodemographic characteristics. Defining these clusters 
of households can provide important insights that can aid in the development of effective 
nutrition programs and policies to improve nutritional outcomes for ethnic minority 
households. 
The cluster analysis was performed using IBM SPSS, Version 25.0 (IBM Corp., 
Armonk, NY). The analysis identified the segments by pre-clustering the households 
using a sequential clustering approach in the first stage, and then by an agglomerative 
hierarchical clustering method in the second stage (Honkanen & Frewer 2009; SPSS 
2001). The number of clusters was automatically determined using the Schwarz’s 
Bayesian information criterion (BIC) and with the log-likelihood as a distance measure. 
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Two clusters are generated from the two-step auto-clustering procedure, with a 
moderately balanced number of households in each cluster. The centroids show that the 
clusters are well separated by the four distinct factors. The cluster quality is considered 
“fair” based on the silhouette measures of cohesion and separation (nearly 0.50) (Norušis 
2012). The results of the independent samples t-tests confirm that the clusters vary 
significantly across the segmentation variables (Table 4.5). 
Cluster 1 accounts for 49 per cent of the rural households in the sample (Table 4.5). 
Respondents in Cluster 1 have significantly higher mean scores for all four factors, 
compared to Cluster 2. Specifically, they rank ‘Balanced diet’ and ‘Natural and healthy’ 
highest when considering their most important factors motivating their food choices. The 
rankings of the four factors based on importance in Cluster 1 are ‘Balanced diet’, ‘Natural 
and healthy’, ‘Familiarity’, and ‘Convenience’. In this regard, Cluster 1 can be described 
in broad terms as the ‘Health-conscious’ households. 
Cluster 2 accounts for 51 per cent of the rural households in the sample. Respondents 
place a slightly higher level of importance on ‘Convenience’ and ‘Familiarity’, with mean 
scores ranging between 3.22 and 3.28, and less on ‘Balanced diet’ and ‘Natural and 
healthy’. The rankings of the four factors based on importance are ‘Convenience’, 
‘Familiarity’, ‘Natural and healthy’, and ‘Balanced diet’. Accordingly, we name Cluster 
2 as ‘Pragmatic’ households. 
4.3.3 Cluster Profiles 
In addition to exploring the heterogeneity in food choice motives among the rural 
households, we also assessed if households who are concerned about the healthfulness 
(i.e., nutrition, quality, or safety) of their food have higher dietary quality. The two 
clusters were, therefore, profiled according to available proxies for household dietary 
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quality (HDDS) and household food insecurity (HFIAS), and selected household (annual 
non-food expenditure, household size, one-way travel time to the nearest food market, 
and number of children in different age groups), food preparer (age, gender, ethnicity, 
and education), and community characteristics (geographic stratification and district). 
Independent samples t-tests and Pearson chi-square statistics were used to test significant 
differences between the two clusters. 
4.3.3.1 ‘Health-conscious’ versus ‘Pragmatic’ households  
Table 4.6 shows the sociodemographic profiles of each cluster. The ‘Health-conscious’ 
households consume statistically higher quality diets as indicated by HDDS. On average, 
the ‘Health-conscious’ households consume food items belonging to approximately five 
food groups per day compared to only four good groups for the ‘Pragmatic’ household 
cluster (p<0.000). The range of vegetables consumed among the ‘Health-conscious’ 
households are also larger (84) as compared to the ‘Pragmatic’ households (64). While 
the main types of vegetables normally consumed are the same in both clusters (Sec 2.2.6), 
there is a relatively higher concentration of ‘Pragmatic’ households that consume and 
prepare dishes using only five vegetables: pumpkin leaves, pumpkin squash, mustard 
greens, bamboo shoot, and chili pepper (Table 4.8). 
The average HFIAS score of the “Health-conscious” households is slightly higher at 
4.11 as compared to 4.06 in the “Pragmatic” households. However, no statistical 
difference is found between the two HFIAS scores. 
Several sociodemographic variables are significantly different between the two 
clusters. The annual non-food household expenditure is used as a proxy for household 
income, which is likely to affect household food choices with higher income providing 
greater economic food access. The ‘Health-conscious’ households have an annual 
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household income that is nearly 1.9 times (64.62 VND versus 34.47 VND) larger than 
that of the ‘Pragmatic’ households (p<0.002). Their household composition is also 
slightly smaller (4.66 versus 4.95, p<0.059), with fewer children under five years of age 
living in the household (0.47 versus 0.59, p<0.067). 
With respect to the profile of the main food-related decision-maker and food preparer, 
there are significant differences with age, ethnicity, and education between the two 
clusters. In the ‘Health-conscious’ households, the food preparer is marginally older (40 
years of age) than those in the ‘Pragmatic’ households (38 years of age) (p<0.090).  
In the ‘Health-conscious’ households, we find higher share of food preparers 
belonging to Kinh (13%) and Nung (11%) and lower concentration of Mong (60%) 
(p<0.000). Conversely, the majority (83%) of the ‘Pragmatic’ households are Mong, and 
only one respondent belongs to Kinh (0.4%). One study showed that Kinh mothers 
provide their children with more diverse diets as compared to mothers from other ethnic 
minority groups (e.g. Thai-Muong, Tay-Nung, E De-Mnong) (Nguyen et al. 2016), which 
could explain the significant difference in HDDS between the two clusters. 
There are also large and statistically (p<0.000) significant differences in the 
educational attainment of the main food preparer between the two groups. Only 45 per 
cent of the food preparer in the ‘Health-conscious’ households have no formal education 
as compared to 62 per cent in the ‘Pragmatic’ households. A higher percentage (14%) 
also finished upper secondary or higher with about 6 per cent reaching university and 
postgraduate studies as compared to only 2 per cent in the latter. These significant 
differences in both the income and educational attainment of the households suggest that 
the ‘Health-conscious’ households are more affluent than the ‘Pragmatic’ households. 
These differences may influence their food choice motives. 
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With respect to geographical location, a significantly (p<0.006) larger share of the 
‘Health-conscious’ households are located in high vegetable production density and high 
altitude (HV-HA, 36% versus 23%) areas. A higher share of the ‘Health-conscious’ 
households are located in Sa Pa (27% versus 12%) and Muong Khuong (27% versus 20%) 
districts compared to the ‘Pragmatic’ households. Conversely, a significantly higher per 
cent of ‘Pragmatic’ households reside in Bac Ha (39% versus 27%) and Si Ma Cai (29% 
versus 18%) districts compared to ‘Health- conscious’ households. However, considering 
physical access to markets, both groups face a similar (not statistically different) amount 
of travel time (0.37 hours) to reach their nearest food market on a single trip.  
4.4 Discussion 
This study explored the food choice motivations of rural smallholder farming households 
in Lao Cai province. A modified FCQ was used to explore the most important motives of 
the rural households when selecting the food to eat on ordinary days. Overall, the 
exploratory factor analysis revealed four underlying factors, where ‘Balanced diet’ and 
‘Familiarity’ are the main motives for food choice, and ‘Convenience’ and ‘Natural and 
healthy’ are ranked the lowest.  
An analysis of factor scores using two-step cluster analysis identified two unique 
clusters, which differ in food choice motivations. These clusters could be distinguished 
from each other based on personal characteristics of the main food preparer, household 
dietary quality, and other household and community characteristics. This was done to 
determine how future interventions related to changing food-related behaviours could be 
tailored to targeted segments of rural populations.  
The two clusters identified are ‘Health-conscious’ and ‘Pragmatic’ households. When 
choosing food, compared to ‘Pragmatic’ households, ‘Health-conscious’ households 
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place more emphasis on a ‘Balanced diet’ and ‘Natural and healthy’ foods, rather than on 
‘Familiarity’ and ‘Convenience’ factors. These differences resonate with previous studies 
which found that there are segments of the population, which are at both ends of the 
spectrum– the health conscious and the unconcerned about health (Cabral et al. 2017; 
Honkanen & Frewer 2009; Milosevic et al. 2012). The clusters are stratified by age, 
gender, education, income, and other household characteristics, which confirm the 
influence of these parameters on food choice. The ‘Health-conscious’ households have 
better dietary quality and are wealthier compared to the ‘Pragmatic’ households. Food 
preparers in this cluster are also more educated and have larger share with Kinh ethnicity. 
These households are also more geographically concentrated in the high vegetable density 
per capita-high elevation areas. These further validate the results in Chapter 2 on how 
wealth, education, and ethnicity are significant determinants of dietary diversity. 
Although our sample is composed of rural consumers and is quite unique, these results 
are consistent with other studies in Asia where ‘health’ and/or ‘natural content’ are also 
ranked highly (Januszewska et al. 2011; Prescott et al. 2002). In the Philippines, ‘health’ 
was also considered the most important food choice factor, and ‘natural content’ was 
ranked fifth among the nine factors (Januszewska et al. 2011). Female consumers from 
several urban cities in Japan, Malaysia, and Taiwan, were evaluated for their food choice 
motives on a variety of different foods red meat in Japan, powdered milk products in 
Malaysia, and processed tea in Taiwan (Prescott et al. 2002). Consumers in all three 
countries ranked ‘health’ and ‘natural content’ as among their most important food choice 
motivations. The concern for health may exist among northwest Vietnam’s ethnic 
minorities because they, too, share the cultural beliefs of the traditional Chinese in Taiwan 
and Malaysia, which views food as ‘medicine’. 
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The ‘Health-conscious’ cluster may have also maximised their knowledge retention of 
healthy eating, from media coverage of food safety concerns due to contamination from 
heavy metals and pesticide residues (Nguyen-Viet et al. 2017; Parks et al. 2009), as well 
as the government’s continued initiatives on safe vegetable production. A major 
provincial initiative was the “Master Plan of Safe Vegetable Production in Lao Cai, 2008-
2015” in 2007 (VNUA Baseline Survey Report, 2014; personal communication with Mr. 
Nguyen Thien Thanh40), followed by Decision No. 92/KH-UBND Lao Cai to implement 
the project ‘Restructuring Agricultural and Forestry Economy in Lao Cai province for 
2016-2020’41 in 2016. Both programs involved the provision of training and capacity 
building for extension officers and farmers. Being in an agricultural area, households in 
this cluster are immediately affected by these initiatives as they are more connected to 
their food supply, in that they grow, harvest and cook most of their food. 
Compared with the ‘Health-conscious’ households, the ‘Pragmatic’ households have 
lower quality diets, lower socioeconomic status, and its members have lower educational 
attainment. They place more importance on ‘Convenience’ and ‘Familiarity’. In Vietnam, 
most rural households operate as a family farming system (Tran 2003; Ye & Pan 2016). 
The farm operation is primarily dependent on family manual and animal labour, where a 
considerable proportion of a family member’s time is spent on land preparation, crop 
establishment, nutrient management, pest and disease management, and other activities 
related to agricultural production. This especially affects women in the ‘Pragmatic’ 
households, as they need to perform multiple roles (farm labourer, food preparer, carer of 
children and older adults). As such, these households have to maximise the time spent on 
                                                 
40 Director, Agriculture and Economic Department, Sa Pa District 
41 http://laocai.gov.vn/Uploads/1604151035397403CV92.PDF 
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farm production and time allocated to food preparation, among other tasks (Catacutan & 
Naz 2015), and they therefore opt for ‘Convenience’ in food preparation.  
In addition, our results shows ethnicity has an identifiable and significant role in these 
‘Pragmatic’ households, where food is one of the central experiences in maintaining 
ethnic identity (McIntosh 1996; Smith & Hendry 2007). They prepare food that “… is 
familiar”, “… is what I usually eat”, “… is like the food I ate when I was a child”, and 
“… is similar with what my ethnic group cooks”. At the very core is the family, where 
ethnic identity is moulded, transmitted, and strengthened via familial ethnic socialisation 
(Gonzales, Umana-Taylor, & Bamaca (2006) as cited by Smith & Hendry 2007). This 
socialisation especially affects the children because this is when they learn their food 
culture’s beliefs and norms (e.g., food avoidance and taboos, food classification systems), 
and the social role of food (Birch 1999; Contento 2011; den Hartog et al. 2006).  
In urban areas, ‘Familiarity’ is the least important motive (Januszewska et al. 2011; 
Lindeman & Vaananen 2000; Prescott et al. 2002), due to constant exposure to different 
types of food (Prescott et al. 2002). Urban areas are a conglomeration of food varieties 
with food from different regions of the country or from different countries.  
4.5 Conclusions 
In conclusion, our results indicate the importance of incorporating food choice 
motivations into future dietary change interventions. It confirms the results of other 
studies showing that ethnic minority groups in low-income households do not necessarily 
prioritise health when making food choice decisions (Antin & Hunt 2012). For these 
ethnic minorities, food is part of their identity; hence, any future intervention strategies 
should not marginalise them vis-à-vis the dominant food culture and their choices related 
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Table 4.1 Sociodemographic characteristics of the rural households in Lao Cai province, Vietnam by district 
 Bac Ha 
(N=170) 








Variable Mean SD Mean SD Mean SD Mean SD Mean SD 
HDDS 4.42 1.04 4.52 1.20 4.51 1.19 3.98 1.10 4.36 1.14 
HFIAS 4.06 3.87 6.35 6.62 4.27 4.61 2.04 3.14 4.08 4.77 
Annual non-food expenditure (mill 
VND) 
35.60 58.07 72.67 191.20 59.32 122.08 39.53 40.54 49.37 110.97 
Household size 4.86 1.76 4.85 1.86 4.55 1.65 4.93 1.57 4.80 1.71 
Age of food preparer (years) 41.06 13.41 38.13 14.56 37.91 11.05 37.64 11.87 38.94 12.84 
Travel time to nearest food market 
(hour) 
0.24 0.16 0.71 0.46 0.32 0.21 0.33 0.17 0.37 0.31 
No of child 5 years and below 0.55 0.72 0.62 0.76 0.47 0.69 0.48 0.72 0.53 0.72 
No of child >5-10 years 0.71 0.89 1.01 0.96 0.72 0.83 0.76 0.81 0.78 0.88 
No of child >10-17 years 0.71 0.89 0.74 0.92 0.54 0.80 0.85 1.03 0.71 0.92 
           
 N % N % N % N % N % 
Gender           
   female 128 75.29 71 71.00 54 45.00 105 87.50 358 70.20 
   male 42 24.71 29 29.00 66 55.00 15 12.50 152 29.80 
Ethnicity           
   Mong 136 80.00 55 55.00 77 64.17 96 80.00 364 71.37 
   Nung 13 7.65 - - 23 19.17 8 6.67 44 8.63 
   Kinh 10 5.88 23 23.00 - - 1 0.83 34 6.67 
   Tay 9 5.29 1 1.00 - - 12 10.00 22 4.31 
   Dao 1 0.59 20 20.00 - - 1 0.83 22 4.31 
   Others 1 0.59 1 1.00 20 16.66 2 1.66 24 4.83 
Education           
   no education 95 55.88 53 53.00 52 43.33 75 62.50 275 53.92 
   nursery/kindergarten 1 0.59 1 1.00 - - 1 0.83 3 0.59 
   some primary 21 12.35 9 9.00 21 17.50 8 6.67 59 11.57 
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Table 4.1 Continued 
 Bac Ha 
(N=170) 








Variable Mean SD Mean SD Mean SD Mean SD Mean SD 
   primary (completed all years) 20 11.76 7 7.00 17 14.17 10 8.33 54 10.59 
   lower secondary 24 14.12 15 15.00 22 18.33 18 15.00 79 15.49 
   upper secondary 3 1.76 4 4.00 4 3.33 3 2.50 14 2.75 
   vocational 2 1.18 5 5.00 2 1.67 1 0.83 10 1.96 
   university/college 4 2.35 5 5.00 2 1.67 3 2.50 14 2.75 
   postgraduate - - 1 1.00 - - 1 0.83 2 0.39 
Geographic stratification           
   LV-LA - - - - 40 33.33 80 66.67 120 23.53 
   LV-HA - - - - 80 66.67 40 33.33 120 23.53 
   HV-LA 80 47.06 40 40.00 - - - - 120 23.53 
   HV-HA 90 52.94 60 60.00 - - - - 150 29.41 
Notes: -, ‘no observations’; N, ‘number of households’; SD, ‘standard deviation’; %, ‘column per cent’; no, ‘number of’; HDDS, ‘Household Dietary Diversity 
Score’; HFIAS, ‘Household Food Insecurity Access Scale’; mill VND, ‘million Vietnamese Dong’; Others, ‘other ethnicities like Phu La - Xa Pho, Bo Y, 
Muong, Mnong, Kho Mu, Giay, and La Chi’; LV-LA, ‘low vegetable diversity per capita-low altitude’; LV-HA, ‘low vegetable diversity per capita-high 
altitude’; HV-LA, ‘high vegetable diversity per capita-low altitude’; HV-HA, ‘high vegetable diversity per capita-high altitude’.  
Source: Vietnam Rural Household Survey (July-August 2016). 
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Table 4.2 Descriptive statistics of the modified FCQ statements 
Factor Code Item/Statement 
It is important to me that the food I eat on a typical day … 
Mean SD 
Convenience c1_easy_prep is easy to prepare 3.56 1.13 
c2_cook_simply can be cooked very simply 3.60 1.07 
c3_notime_prep takes no time to prepare 3.48 1.10 
c4_buy_nearby_shops can be bought in shops close to where I live or work 3.56 1.15 
c5_avail_shops is easily available in shops 3.22 1.20 
c6_avail_farm is readily available in my farm or garden 4.11 0.96 
Natural content c7_no_additives contains no additives and preservatives 3.72 1.24 
c8_natural_ingr contains natural ingredients (contains no additives, preservatives, or food 
colours) 
3.65 1.18 
c9_no_artificial contains no artificial ingredients 3.81 1.16 
c10_free_pesticide is free from any pesticide residue or toxic chemicals 4.03 1.08 
c11_free_heavy_metals is free from heavy metals 3.39 1.34 
Ethical 
concern 
c12_country_approve comes from a country I approve politically 2.87 1.39 
c13_origin_marked has the country of origin clearly marked 3.21 1.38 
Weight control c14_low_calories is low in calories 2.79 1.22 
c15_control_weight helps me control my weight 3.12 1.27 
c16_low_fat is low in fat 2.86 1.17 
Sensory appeal c17_good_taste tastes good 3.95 0.99 
c18_nice_smell smells nice 3.80 1.01 
c19_pleasant_texture has a pleasant texture 3.59 1.09 
c20_looks_nice looks nice 3.04 1.21 
Price c21_not_expensive is not expensive 3.53 1.10 
c22_good_value_money is good value for money 3.89 1.00 
c23_cheap is cheap 3.43 1.28 
Religion c24_religious_harmony is in harmony with my religious views 2.66 1.44 




Table 4.2 Continued 
Factor Code Item/Statement 
It is important to me that the food I eat on a typical day … 
Mean SD 
Familiarity c26_familiar is familiar 3.51 1.07 
c27_same_ate_child is like the food I ate when I was a child 3.20 1.20 
c28_usually_eat is what I usually eat  3.49 1.10 
c29_like_hh_members is favoured by other household members 3.48 1.12 
c30_same_neighbors_cook is similar with what my neighbours cook 2.64 1.26 
c31_same_ethnic_cooks is similar with what my ethnic group cooks 3.25 1.23 
Health c32_high_fiber is high in fibre and roughage 3.18 1.26 
c33_nutritious is nutritious 3.65 1.25 
c34_vit_min contains a lot of vitamins and minerals 3.52 1.24 
c35_keeps_me_healthy keeps me healthy 4.09 0.98 
c36_high_protein is high in protein 3.28 1.32 
c37_good_skin is good for my skin/teeth/hair/nails, etc. 3.14 1.28 
Mood c38_cheers_me cheers me up 3.41 1.12 
c39_cope_stress helps me cope with stress 3.58 1.12 
c40_awake keeps me awake/alert 3.56 1.10 
c41_relax helps me relax 3.64 1.17 
c42_feel_good makes me feel good 3.74 1.04 
c43_cope_life helps me to cope with life 3.39 1.17 
Balanced c44_full_satiated makes me feel full or satiated 3.59 1.08 
c45_balanced_ricemeatveg is a balanced meal of rice and meat and/or vegetables 3.62 1.20 
c46_balanced_meatveg is a balanced meal of meat and vegetables 3.55 1.20 
c47_balanced_hotcold is a balance of hot, cold and neutral food 2.65 1.28 
Notes: These questions are adapted from the Food Choice Questionnaire (FCQ) by Steptoe et al. (1995) and Lindeman and Vaananen (2000) (Religion). Based 
on a Likert-scale: 1 “not important at all”; 2 “slightly unimportant”; 3 “normal”; 4=important; and 5 “very important”.  
Statements not included in the original FCQ of Steptoe et al. (1995). 
Source: Vietnam Rural Household Survey (July-August 2016). N=510.   
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Table 4.3 Overview of the four distinct food choice factors from Exploratory Factor Analysis 
Variable Pattern matrixa Structure matrix Eigenvalues % of variance Cronbach’s α Communality 
Factor 1 (Natural and healthy) 7.193 29.970 0.877  
c11_free_heavy_metals 0.730 0.639    0.431 
c9_no_artificial 0.725 0.669    0.462 
c8_natural_ingr 0.694 0.655    0.433 
c34_vit_min 0.663 0.731    0.587 
c36_high_protein 0.630 0.732    0.556 
c32_high_fiber 0.628 0.654    0.453 
c10_free_pesticide 0.621 0.620    0.387 
c13_origin_marked 0.619 0.616    0.396 
c12_country_approve 0.566 0.539    0.306 
c7_no_additives 0.559 0.572    0.455 
c14_low_calories 0.454 0.516    0.287 
Factor 2 (Familiarity)   2.572 10.715 0.825  
c26_familiar 0.841 0.784    0.630 
c28_usually_eat 0.672 0.632    0.404 
c27_same_ate_child 0.654 0.619    0.388 
c31_same_ethnic_cooks 0.647 0.579    0.347 
c42_feel_good 0.505 0.665    0.509 
c43_cope_life 0.469 0.528    0.290 
c22_good_value_money 0.424 0.508    0.321 
c35_keeps_me_healthy 0.419 0.584    0.429 
Factor 3 (Balanced diet)   1.878 7.827 0.865  
c45_balanced_ricemeatveg 0.989 0.923    0.858 
c46_balanced_meatveg 0.831 0.798    0.642 
Factor 4 (Convenience)   1.273 5.302 0.707  
c3_notime_prep 0.744 0.761    0.584 
c1_easy_prep 0.675 0.675    0.455 
c2_cook_simply 0.550 0.566    0.347 
Notes: Principal Axis Factoring extraction method, oblique rotation (promax). Total % of variance explained is 53.814. a/ Rotation converged in 6 iterations.  
Source: Vietnam Rural Household Survey (July-August 2016). 
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Table 4.4 Descriptive statistics of the four food choice factors  
Food choice motives Mean SD 
Factor 1 ‘Natural and healthy’ 3.40 0.84 
Factor 2 ‘Familiarity’ 3.57 0.74 
Factor 3 ‘Balanced diet’ 3.59 1.13 
Factor 4 ‘Convenience’ 3.55 0.88 
Notes: SD, ‘standard deviation’; Likert scale from 1 ‘not at all important’ to 5 ‘very important’. 
Source: Vietnam Rural Household Survey (July-August 2016). 
 
 
Table 4.5 Two distinct clusters using the four food choice factors as segmentation 
variables 











 Mean SD Mean SD   
Factor 1 ‘Natural and 
healthy’ 
3.96 0.56 2.86 0.71 19.43 0.000 
Factor 2 ‘Familiarity’ 3.93 0.61 3.22 0.68 12.27 0.000 
Factor 3 ‘Balanced diet’ 4.37 0.65 2.83 0.95 21.42 0.000 
Factor 4 ‘Convenience’ 3.81 0.79 3.28 0.88 7.18 0.000 
       
Centroid       
Factor 1 ‘Natural and 
healthy’ 
0.65 0.59 -0.64 0.78 21.29 0.000 
Factor 2 ‘Familiarity’ 0.47 0.78 -0.46 0.81 13.27 0.000 
Factor 3 ‘Balanced diet’ 0.72 0.50 -0.70 0.74 25.30 0.000 
Factor 4 ‘Convenience’ 0.29 0.76 -0.28 0.89 7.80 0.000 
Notes: C1 and C2 are the two clusters. Using independents samples t-tests. Equal variances 
assumed for F2 and F4 using Levene’s Test of Equality of Variances. 
Source: Vietnam Rural Household Survey (July-August 2016).
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Table 4.6 Cluster profiling based on selected sociodemographic and household 
characteristics of the sampled rural households 










Variables Mean SD Mean SD   
HDDS 4.62 1.15 4.10 1.07 5.30 0.000 
HFIAS 4.11 4.96 4.06 4.58 0.12 0.900 
Non-food expenditure (mill 
VND) 
64.62 142.34 34.47 64.45 3.07 0.002 
Household size 4.66 1.62 4.95 1.76 -1.89 0.059 
Age of food preparer (year) 39.92 13.44 37.99 12.16 1.70 0.090 
Travel time to nearest food 
market (hr) 
0.37 0.31 0.37 0.30 -0.03 0.974 
No. child 5 years and below 0.47 0.68 0.59 0.76 -1.84 0.067 
No. child >5-10 years 0.79 0.90 0.77 0.86 0.34 0.736 
No. child >10-17 years 0.66 0.90 0.76 0.93 -1.20 0.232 
       
 N % N % χ2 p-value 
Gender of food preparer     0.00 0.984 
  male 75 29.76 77 29.84   
  female 177 70.24 181 70.16   
Ethnicity of food preparer     49.07 0.000 
  Mong 151 59.92 213 82.56   
  Nung 27 10.71 17 6.59   
  Kinh 33 13.10 1 0.39   
  Tay 12 4.76 10 3.88   
  Dao 11 4.37 11 4.26   
  Others 18 7.14 6 2.33   
Education of food preparer     37.16 0.000 
  no education 114 45.24 161 62.40   
  nursery/kindergarten 0 - 3 1.16   
  some primary 33 13.10 26 10.08   
  primary (completed all 
years) 
28 11.11 26 10.08   
  lower secondary 42 16.67 37 14.34   
  upper secondary 10 3.97 4 1.55   
  vocational 9 3.57 1 0.39   
  university/college 14 5.56 0 -   
  postgraduate 2 0.79 0 -   
Geographic stratification     12.40 0.006 
  LV-LA 60 23.81 60 23.26   
  LV-HA 55 21.83 65 25.19   
  HV-LA 47 18.65 73 28.29   
  HV-HA 90 35.71 60 23.26   
District     28.15 0.000 
  Bac Ha 69 27.38 101 39.15   
  Sa Pa 68 26.98 32 12.40   
  Muong Khuong 69 27.38 51 19.77   
  Si Ma Cai 46 18.25 74 28.68   
Notes: -, ‘no observation’; No, ‘number of’; %, ‘row per cent’; χ2, ‘Pearson’s chi-square; SD, ‘standard deviation’; N, 
‘number of households’; LV-LA, ‘low vegetable density per capita-low altitude’, LV-HA, ‘low vegetable density per 
capita-high altitude’, HV-LA, ‘high vegetable density per capita-low altitude’, HV-HA, ‘high vegetable density per 
capita-high altitude’; mill VND, ‘million Vietnamese Dong’. Using independent samples t-test and Pearson chi-square. 
Equal variances assumed for HDDS, HFIAS, household size, age of food preparer, travel time, no. of children >5-
10yrs, and no. of children >10-17yrs. Source: Vietnam Rural Household Survey (July-August 2016).
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Table 4.7 The original and modified FCQ statements 
Factor Steptoe et al. (1995) Lindeman and Vaananen (2000) This study 
Convenience is easy to prepare   
can be cooked very simply   
takes no time to prepare   
can be bought in shops close to where I live or 
work 
  
is easily available in shops and supermarkets  is easily available in shops 
  is readily available in my farm or 
garden 
Natural content contains no additives and preservatives   
contains natural ingredients (contains no 
additives, preservatives, or food colours) 
  
contains no artificial ingredients   
  is free from any pesticide residue or 
toxic chemicals 
  is free from heavy metals 
Ethical concern comes from a country I approve politically   
has the country of origin clearly marked 
is packaged in an environmentally friendly way* 
  
Weight control is low in calories   
helps me control my weight   
is low in fat   
Sensory appeal tastes good   
smells nice   
has a pleasant texture   
looks nice   
Price is not expensive   
is good value for money   
is cheap   
Religion  is in harmony with my religious views  
 is not forbidden in my religion  
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Table 4.7 Continued    
Factor Steptoe et al. (1995) Lindeman and Vaananen (2000) This study 
Familiarity is familiar   
is like the food I ate when I was a child   
is what I usually eat    
  is favoured by other household 
members 
  is similar with what my neighbours 
cook 
  is similar with what my ethnic group 
cooks 
Health is high in fibre and roughage   
is nutritious   
contains a lot of vitamins and minerals   
keeps me healthy   
is high in protein   
is good for my skin/teeth/hair/nails, etc.   
Mood cheers me up   
helps me cope with stress   
keeps me awake/alert   
helps me relax   
makes me feel good   
helps me to cope with life   
Balanced   makes me feel full or satiated 
  is a balanced meal of rice and meat 
and/or vegetables 
  is a balanced meal of meat and 
vegetables 





Table 4.8 List of vegetables consumed by households by cluster 




  Freq Per cent Freq Per cent 
S4066 Pumpkin leaves, raw 374 22.12 459 25.59 
S4003 Pumpkin squash, raw 235 13.90 341 19.01 
S4016 Mustard greens, India, leaves and stems, raw 119 7.04 136 7.58 
VEG_99 Chili pepper, small, spicy 117 6.92 250 13.94 
N4050 Bamboo shoot, spring variety 109 6.45 84 4.68 
N4086 Chayote, fruit raw 98 5.80 87 4.85 
N4047 Bamboo shoot, unspecified 63 3.73 126 7.02 
S4083 Kangkong, swamp cabbage, water spinach, water 
convolvulus, raw 
52 3.08 10 0.56 
N4057 Chili pepper, green 48 2.83 35 1.95 
S4005 Tomato, raw 43 2.54 30 1.67 
N4056 Chili pepper, yellow 35 2.07 17 0.95 
S4002 Ashgourd waxgourd, winter melon, raw 31 1.83 15 0.84 
N4051 Gourd, sponge gourd 24 1.42 3 0.17 
S4086 Sauropus, sp. Leaves, raw 24 1.42 14 0.78 
S4010 Cabbage, common, raw 22 1.30 20 1.11 
N4039 Onion, Welsh, raw 22 1.30 11 0.61 
S4103 Garlic bulbs, raw 18 1.06 8 0.45 
S4030 Cowpeas, yard long, Chinese long bean, raw 15 0.89 10 0.56 
N4028 Cucumber 14 0.83 13 0.72 
S4009 Aubergine, raw 12 0.71 8 0.45 
S4076 Sweet potato leaves, raw 12 0.71 8 0.45 
N4017 Chinese cabbage, unspecified 11 0.65 5 0.28 
N4037 Soybean sprouts 11 0.65 2 0.11 
S4080 Malabar nightshade, Vine spinach; Ceylon spinach, raw 11 0.65 1 0.06 
N4001 Calabash/ bottlegourd 10 0.59 11 0.61 
VEG_99 Choy sum 10 0.59 2 0.11 
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Table 4.8 Continued 




  Freq Per cent Freq Per cent 
VEG_99 Mong mustard 10 0.59 5 0.28 
VEG_99 Chayote leaves 9 0.53 10 0.56 
N4082 Mint leaves 6 0.35 N/A N/A 
S4007 Carrot, raw 6 0.35 N/A N/A 
S4036 Mungbean sprouts, green gram, tiensin green bean, raw 6 0.35 N/A N/A 
VEG_99 Coong 6 0.35 N/A N/A 
N4097 Mustard green, pickled 5 0.30 4 0.22 
S4055 Bitter gourd, balsam pear, balsam-apple, bitter melon, raw 5 0.30 2 0.11 
VEG_99 Diplazium esculentum 5 0.30 1 0.06 
VEG_99 Lemongrass 5 0.30 1 0.06 
N4032 Green peas; field pea; peas garden 4 0.24 5 0.28 
N4040 Onion, common, garden 4 0.24 2 0.11 
N4090 Chinese leek, onion fragrant 4 0.24 N/A N/A 
S4029 Kidney beans, in pod, French bean; Navy bean, raw 4 0.24 N/A N/A 
VEG_99 Lemon leaves 4 0.24 1 0.06 
N4034 Papaya, unripe, raw 3 0.18 1 0.06 
N4044 Banana, buds and flowers 3 0.18 1 0.06 
N4049 Bamboo shoots, dried 3 0.18 3 0.17 
S4070 Jute potherb, raw 3 0.18 1 0.06 
S4121 Jew' ear, Judas' ear, dried, wood ear, tender variety, raw 3 0.18 N/A N/A 
N4004 Pumpkin, dried 2 0.12 N/A N/A 
N4022 Radish garden white, raw 2 0.12 4 0.22 
N4027 Colocasia indica 2 0.12 1 0.06 
N4048 Asparagus, white 2 0.12 4 0.22 
N4058 Tamarind 2 0.12 N/A N/A 
N4101 Onion, pickled 2 0.12 N/A N/A 
N4107 mushroom, straw 2 0.12 1 0.06 
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Table 4.8 Continued 




  Freq Per cent Freq Per cent 
N4115 Wild plant 2 0.12 N/A N/A 
S4073 Amaranth, sp. red, raw 2 0.12 N/A N/A 
S4082 Parsley, curly, raw 2 0.12 N/A N/A 
S4102 Balm-mint, garden-balm, raw 2 0.12 1 0.06 
VEG_99 Lactuca indica 2 0.12 N/A N/A 
VEG_99 Pickled pepper 2 0.12 7 0.39 
VEG_99 Sponge gourd, leaves 2 0.12 N/A N/A 
N4016 Cress, sp. 1 0.06 N/A N/A 
N4055 Corn, small variety immature, baby corn 1 0.06 N/A N/A 
N4074 Kangkong, dried 1 0.06 N/A N/A 
N4078 Polygonum odoratum 1 0.06 N/A N/A 
N4092 Chinese olive 1 0.06 N/A N/A 
N4094 Tomato, pickled 1 0.06 N/A N/A 
N4104 Mushroom, Chinese raw 1 0.06 N/A N/A 
N4118 La lot 1 0.06 N/A N/A 
N5012 Pineapple, wild 1 0.06 N/A N/A 
S4019 Banana, dwarf, young fruit, raw 1 0.06 N/A N/A 
S4042 Onion, fragrant, Chinese leek, raw 1 0.06 N/A N/A 
S4074 Amaranth, sp white, raw 1 0.06 N/A N/A 
VEG_99 Brassica integrifolia 1 0.06 N/A N/A 
VEG_99 Canarium spp. 1 0.06 N/A N/A 
VEG_99 Dracontomelon 1 0.06 N/A N/A 
VEG_99 Ginger leaves 1 0.06 N/A N/A 
VEG_99 Napa cabbage 1 0.06 N/A N/A 
VEG_99 Pea leaves 1 0.06 N/A N/A 
VEG_99 Raw vegetables 1 0.06 N/A N/A 
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  Freq Per cent Freq Per cent 
VEG_99 Salted coong 1 0.06 N/A N/A 
VEG_99 Sour leaves 1 0.06 N/A N/A 
VEG_99 Taro tuber leaves 1 0.06 N/A N/A 
VEG_99 Wild eggplant 1 0.06 1 0.06 
N4053 Sponge gourd, rag (young flower) N/A N/A 1 0.06 
N4071 Coriander N/A N/A 1 0.06 
N4095 Eggplant, garden; brinjan; aubergine salted N/A N/A 1 0.06 
N4108 mushroom, common N/A N/A 2 0.11 
VEG_99 Sweet potato buds N/A N/A 5 0.28 
VEG_99 Xi N/A N/A 5 0.28 
VEG_99 Wild vegetable roots N/A N/A 4 0.22 
VEG_99 Hill mushroom N/A N/A 2 0.11 
VEG_99 Apricot leaves N/A N/A 1 0.06 
VEG_99 Fried pickled bamboo shoots N/A N/A 1 0.06 
VEG_99 Lốc tâu - a local dish N/A N/A 1 0.06 
VEG_99 Mixed raw vegetables N/A N/A 1 0.06 
VEG_99 Mugwort, common sagebrush N/A N/A 1 0.06 
VEG_99 Pickled bamboo shoots N/A N/A 1 0.06 
VEG_99 Quất hồng bì N/A N/A 1 0.06 
VEG_99 Rau giap ca, diep ca N/A N/A 1 0.06 
VEG_99 Unknown name N/A N/A 1 0.06 
VEG_99 Winter melon leaves (ashgourd waxgourd) N/A N/A 1 0.06 
 Total 1690 100.00 1793 100.00 
Notes: Freq, “frequency of response”; Per cent, “per cent of response to total”; N/A, “not applicable or did not consume”. 




Appendix. Scree plot and factor correlation matrix 
Figure A4.1 shows the scree plot of the remaining 24 food choice items after removing 
variables with low correlations, communalities, and factor loadings. Table A4.9 shows 




Figure A4.1 Scree plot  
 
 
Table A4.9 Factor Correlation Matrix 
Factor 1 2 3 4 
1 1.000 0.413 0.561 0.354 
2 0.413 1.000 0.510 0.243 
3 0.561 0.510 1.000 0.143 
4 0.354 0.243 0.143 1.000 




5 Summary and Conclusion 
This chapter presents an overview of the thesis and summarises the major findings of the 
three analytical chapters (Chapters 2 to 4). It also presents the contributions and the 
limitations of the study, and outlines potential areas for future research. 
5.1 Overview of the research 
This PhD was part of a large multi-year research-for-development AGB/2012/059 
“Towards more profitable and sustainable vegetable farming systems in north-western 
Vietnam” project, funded by the Australian Centre for International Agricultural 
Research (ACIAR). The broad aim of the overarching AGB/2012/059 project was to 
improve the livelihoods of smallholder farmers in north-western Vietnam. The 
household-level research conducted for this PhD aimed to contribute to the central aim of 
the principal project (i.e. improved livelihoods for smallholder households) by addressing 
three broad questions: 
1. What is the relationship between smallholder vegetable production and the 
dietary quality of preschool, schoolchildren, and adolescents? What other 
factors are also key determinants of improved dietary quality? 
2. What is the relationship between smallholder vegetable production and 
nutritional outcomes of children under five years old? What other factors are 
also key determinants of better child nutritional outcomes? 
3. What are the factors motivating food choices of the main food decision-makers 
in smallholder households? Can we find unique segments with similar factors 
motivating their food choices, and develop profiles of these segments to allow 
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targeted nutrition programs to improve nutritional outcomes, particularly of 
young children? 
The three questions posed in this thesis, support the main motivation for undertaking 
the PhD research, which was to contribute to improved diets and nutritional outcomes for 
children from smallholder households in northwest Vietnam.  
As discussed in earlier chapters, childhood undernutrition remains a global problem. 
To date, not all countries have made significant progress in reducing childhood 
undernutrition between 2012 and 2015 (FAO et al. 2018). The stunting rate could be 
reduced by 20 per cent if 10 nutrition-specific interventions were scaled up to achieve 90 
per cent coverage among targeted populations (Bhutta et al. 2013). What about the 
remaining 80 per cent of stunting? This is where this PhD research comes in. 
Leveraging agriculture to improve nutritional outcomes has been proposed in recent 
years. This is because agriculture is both a source of food and of livelihood to three-
fourths of the world’s poor in rural areas where most undernutrition persists (Paciorek et 
al. 2013; Ravallion et al. 2007). Termed ’nutrition-sensitive agriculture’, it is an approach 
that attempts to address the underlying cause of undernutrition, and to enhance the 
coverage and effectiveness of nutrition-specific interventions (Alderman et al. 2013; Ruel 
et al. 2013).  
The first two analytical chapters (Chapters 2 and 3) attempt to find empirical evidence 
of the role smallholder vegetable production plays in improving dietary quality and 
nutritional outcomes among children42. Three pathways that link agriculture and nutrition 
at the household level are explored: (1) household production of agricultural products 
                                                 
42 In Chapter 2, we focused on preschool, schoolchildren, and adolescents; while in Chapter 3, 
only on young children six months to five years old.  
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which may subsequently be consumed by the household members; (2) market 
engagement where at least a share of the agricultural products produced by the household 
are sold at markets generating agricultural income used to purchase diverse food products, 
or access to a wide variety of food due to market proximity; and (3) gender-related factors 
influencing women’s empowerment with respect to household decisions (Dangour et al. 
2012; Gillespie et al. 2012; Herforth & Harris 2014; Kadiyala et al. 2014; Kanter et al. 
2015; Pinstrup-Andersen 2014; Turner et al. 2013). The main premise is that all three 
pathways lead to improved dietary diversity and nutritional outcomes. The third analytical 
chapter (Chapter 4) assesses the food choice motives of the rural Vietnamese households, 
and identifies unique groups with similar food choices. 
5.2 Study design 
The three analytical chapters explore data collected from smallholder farming households 
in Lao Cai province, northwest Vietnam. As there are various factors that could confound 
our ability to understand the link between smallholder vegetable production, dietary 
quality, and nutrition outcomes, the study was designed carefully to address these factors 
via sampling strategy and questionnaire design. The main steps are explained below. 
Sampling. Multistage stratified random sampling was undertaken using four strata, based 
on elevation and vegetable production density per capita, to account for the geographic 
heterogeneity of the study areas. Appendix A-2 lists the selected villages and communes 
from each of the pre-selected four districts. Information about the selected 
communes/villages, including the list of households in the selected villages, was collected 
from each commune by the PhD student and a locally-based researcher in June 2016. 
Appendix A-3 shows the request letter submitted to acquire access to the list of 
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households for each of the selected villages, and Appendix A-4 contains the 
Commune/Village Questionnaire used to collect background information. 
Primary data collection. A Participant Observation Study was conducted in July and 
August 2015 to document the consumption and shopping behaviours of six households 
with varying ethnic and sociodemographic profiles in selected areas in the districts of Bac 
Ha and Sa Pa, and in Lao Cai city. The PhD student, accompanied by a locally-based 
researcher from the Vietnam National University of Agriculture (VNUA), stayed in each 
household for a week to record the types and portion sizes of food prepared and consumed 
in each meal, food source, main decision-maker in food preparation/selection, and market 
days in the local areas. Results were then incorporated into the Vietnam Rural Household 
Survey, specifically into the design of the food consumption module. 
The Vietnam Rural Household Survey was conducted over two rounds (July-August 
and November 2016) to capture seasonal fluctuations in household food consumption. In 
total, 510 households from four districts in the province were interviewed, with the main 
food preparer in household as the target respondent. 
Survey instrument. The survey instrument was composed of 13 modules that examined: 
sociodemographic and anthropometric information; household and intrahousehold food 
consumption using 24-hour food recall; the Household Food Insecurity Access Scale 
(HFIAS); food choices and dietary beliefs; the modified Abbreviated-Women’s 
Empowerment in Agriculture Index (A-WEA) and gender roles; maternal care and 
micronutrient supplementation; disease, water and sanitation, and lifestyle; other 
household characteristics; non-farm household expenditure; household income; farm 
information; crop and animal output disposal; vegetable input expenditure; and economic 
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shocks. Some modules were adapted from various sources. Table 1.1 details these 
sources, and Appendix A-6 contains a copy of the survey questionnaire.  
Dietary assessment using 24-hour food recall. In collecting household and intrahousehold 
food consumption data, the 24-hour food recall was conducted on three non-consecutive 
reference periods (one weekday and one weekend day in the first survey round, and any 
week day in the second round) to address within-person random error in food 
consumption (Baranowski 2012; Gibson & Ferguson 2008). Enumerators were instructed 
and trained on how to properly estimate food intake using digital kitchen scales, graduated 
plastic cylinders, modelling clay, and shredded paper (Gibson & Ferguson 2008) during 
the training in July 2016. In addition, the training also included advice on how to properly 
collect anthropometric measurements using the infantometer, digital weight scale, ruler, 
and tape measure (see Training Manual in Appendix A-5), following the National Health 
and Nutritional Examination Survey (NHANES) anthropometry protocol (Centres for 
Disease Control and Prevention 2007). 
5.3 Major findings 
Chapter 2 investigated the association of vegetable production diversity, market 
engagement, and women’s empowerment with the dietary diversity of children aged six 
months to 17 years. Results show that smallholder vegetable production is associated with 
improved dietary diversity via market access and market participation. While the positive 
association between market access and dietary diversity is observed for both boys and 
girls regardless of age group, the associations are more significant for older children. The 
effect size is larger for girls, especially for younger girls, whose DDS is increased by up 
to two food groups. Although the effect size is negligible, income from vegetable 
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production is also positively associated with dietary diversity especially among 
schoolchildren and adolescents, boys in general, and older boys in particular. Other 
covariates have also shown positive associations with dietary diversity for both boys and 
girls and age groups; they are food preparer’s education and monthly non-food 
expenditure (used as a proxy for household income). No significant association was found 
between vegetable production diversity and women’s empowerment on dietary diversity 
in any of the regression analyses. 
Chapter 3 examined the association between vegetable production diversity, market 
access, and market participation on the nutritional outcomes of young children aged six 
to 60 months. Results indicate that in the pooled sample, smallholder vegetable 
production has a significant indirect effect only on children’s WAZ, wherein the 
association is larger and more significant for modern market channel participation. 
Selling to traditional and modern channels are associated with improvements in girls’ 
HAZ and WHZ scores, and a lower probability of boys being stunted and underweight. 
Households that sell to traditional channels can improve girls’ current nutritional status 
(WHZ). Engaging in modern marketing channels can positively affect girls’ long-term 
undernutrition indicator (HAZ). Except for a marginal association on boys’ HAZ, market 
access was not significantly associated with children’s nutritional outcomes. Further 
research is suggested on vegetable production diversity because it showed mixed results: 
it improves boys’ WHZ and girls’ HAZ but leads to a higher prevalence of stunting and 
underweight among boys.  
Another important covariate that improves HAZ is workload (women working less 
than 10.50 hours per day), and it significantly affects girls. Other factors that reduce the 
probability of stunting among these children are geographic strata (HV-HA vs LV-LA 
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for boys) and maternal height. Similarly, wealth (monthly non-food expenditure per 
capita and/or total cultivated area) and maternal education are important for addressing 
short-term undernutrition (WHZ/wasting). However, short-term undernutrition differs for 
boys and girls due to the preferential treatment given to sons by these ethnic minority 
groups (Jones et al. 2014). The incidence of diarrhea severely affects girls’ WHZ/wasting, 
and thus requires future research to identify its determinants. 
Chapter 4 explored the relationships between food choice factors, household dietary 
quality, and various sociodemographic characteristics. Results of the Exploratory Factor 
Analysis show that, among the smallholder households, four distinct factors motivating 
their food choices exist: Factor 1, labelled ‘Natural and healthy’; Factor 2, labelled 
‘Familiarity’; Factor 3, labelled ‘Balanced diet’; and Factor 4, labelled ‘Convenience’. 
Using the four regression-based factor scores as segmentation variables, the two-step 
cluster analysis indicate two distinct consumer clusters, with a balanced number of 
households in each cluster: ‘Health-conscious’ households and ‘Pragmatic’ households. 
The ‘Health-conscious’ households rank ‘Balanced diet’ and ‘Natural and healthy’ 
highly, while ‘Pragmatic’ households prioritise ‘Convenience’ and ‘Familiarity’. Results 
confirm the influence of other parameters [e.g., Household Dietary Diversity Score (as 
proxy for dietary quality), Household Food Insecurity Access Scale (as proxy for food 
security); and other household (annual non-food expenditure, household size, one-way 
travel time to nearest food market, and number of children in different age groups), food 
preparer (age, gender, ethnicity, and education), and community characteristics 
(geographic stratification and district)] on food choice motives. The ‘Health-conscious’ 
households have better dietary quality, are wealthier, and have food preparers who are 
more educated and belonging to Kinh ethnic group than in the ‘Pragmatic’ households. 
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More than one-third of ‘Health-conscious’ households are located in high altitude areas 
with high vegetable production density than in lower altitudes. These results indicate the 
importance of incorporating food choice motivations into future dietary change 
interventions. For many of these ethnic minorities, future intervention strategies should 
capture food choices based on their concepts of healthier diets and not marginalise vis-à-
vis the dominant food culture. 
5.4 Overall conclusions 
Overall, this study shows the direct and indirect contributions of smallholder vegetable 
production on dietary quality and nutritional outcomes consistent with the findings of 
other studies that have analysed the agriculture (or specific crop/livestock) and nutrition 
linkages (Azzarri et al. 2015; Hoddinott et al. 2015; Kumar et al. 2015; Malapit et al. 
2015a; Shively & Sununtnasuk 2015). Specifically, the additional income generated from 
market participation improves children’s dietary diversity and their nutritional outcomes. 
Market access, while significantly increasing dietary diversity among children, especially 
among girls by up to two food groups, is not a significant predictor of nutritional 
outcomes among children under five years. Given that two-thirds of boys aged five years 
and below in our sample are stunted, encouraging households to sell to the default local 
marketing channels and even to modern channels could reduce the probability of them 
being stunted. However, properly addressing the intergenerational transmission of 
stunting requires tackling the linear growth of young girls. Three crucial factors emerge 
that improve girls’ linear growth: vegetable production diversity, modern market 
participation, and better maternal care arising from mothers spending less time working 
in fields. 
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These results add further evidence to the nutrition-sensitive agriculture literature, 
which links agriculture with nutritional outcomes. While home garden intervention 
projects, promoting the production and consumption of fruit and vegetables, have shown 
improvements in the consumption of these crops (Berti et al. 2004; Girard et al. 2012; 
Kawarazuka and Bene 2010; Leroy and Frongillo 2007; and Masset et al. 2012), the 
positive relationship between farm (and specifically, vegetable) diversification and 
dietary diversity is not linear and is situation-specific. For instance, in rural Malawi where 
subsistence production dominates, production diversity is positively associated with 
dietary diversity, but the effect size is small (Koppmair et al. 2017).  
Data from smallholder households in four developing countries (Indonesia, Kenya, 
Ethiopia, and Malawi) show that in situations where production diversity is already high, 
the effect on dietary diversity is insignificant due to foregone revenues from 
diversification beyond what is optimal (Sibhatu, et al 2015). Hence, recent studies suggest 
the larger importance of market access and/or market engagement than production 
diversity per se (Hirvonen & Hoddinott 2017; Koppmair et al. 2017; Sibhatu et al. 2015; 
Stifel & Minten 2017). Closer proximity to nearby food markets allows households to 
buy a wider variety of food than what they produce in their farm, and sell goods and 
products bringing in income to remain afloat for the next production season. Eventually, 
this income from market engagement can also improve the determinants of nutritional 
outcomes, for instance, dietary food intake, health status, sanitation, and caring practices 
(Darrouzet-Nardi and Masters 2015). 
This study applies a comprehensive and novel research methodology that incorporates 
gender, nutrition and food security, maternal care, farm production, food choice 
motivations, anthropometry, and ethnicity in its survey design to measure the associations 
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between smallholder vegetable production and nutritional outcomes. To date, it is the first 
study to investigate the contribution of smallholder vegetable production in the province 
using several cross-culturally validated instruments, like the modified Food Choice 
Questionnaire (FCQ) and the Abbreviated-Women’s Empowerment in Agriculture Index 
(A-WEAI). It provides new understanding about ethnic communities in Lao Cai province, 
and how future intervention programs can be tailored specifically for these communities. 
5.5 Potential implications of key findings 
This study confirms existing evidence about the factors that are considered crucial in 
addressing childhood undernutrition. Income from market participation is an important 
predictor of improvements in both dietary diversity and nutritional outcomes. Therefore, 
encouraging farmers to participate, by creating and/or improving existing market linkages 
in the locality, so that farmers’ transaction costs are minimized, should be integrated in 
any future intervention programs. The success of linking farmers with markets can only 
be sustained if there is continued support from local agricultural extension offices in 
providing farmers with cost-effective, time- and input-saving agronomic practices. 
Further, farmers should have access to inputs and microfinance, market opportunities and 
price information, knowledge of consumer preferences, better roads, and other 
infrastructure. 
Aside from increasing income, for rural households who could only be engaged in 
subsistence production due to resource constraints (labour, land and other factors), and 
therefore whose main objective is only to produce crops primarily for home consumption, 
encouraging them to diversify their vegetable production can also improve children’s 
nutrition outcomes (improve HAZ of girls and reduce the probability of wasting of boys).  
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In addition, education promotion especially among the Mong ethnic minority group is 
warranted because educational attainment has proven to be a significant predictor of both 
dietary diversity and nutritional outcomes in children. As discussed in the Introduction 
(Sec 1.8.1), mothers’ (who are normally the main food preparers) ability to select and 
spend on diverse food for the family, their educational level, and their nutritional 
knowledge are strong predictors in reducing childhood undernutrition and ensuring the 
effectiveness of food-based interventions (Berti et al. 2004; Girard et al. 2012; 
Kawarazuka & Bene 2010; Leroy & Frongillo 2007; Smith & Haddad 2000). Therefore, 
encouraging girls’ schooling is an important step since school curricula may include 
information on balanced diets and nutrition that they can imbibe and inculcate in their 
immediate families, and, eventually, in their future offspring.  
For mothers and/or food preparers, a nutrition education program, which incorporates 
several things, could be promoted. Firstly, it should highlight the benefits of diversified 
diets, and better maternal childcare and feeding practices. The latter starts when they 
participate in decision-making over the use of income and/or having a workload less than 
10.50 hours per day; this workload is the marker of poverty. Secondly, nutrition education 
programs could subtly include how preferential treatment of sons, culturally entrenched 
in the Mong culture (Jones et al. 2014), adversely affects young girl’s health and 
development, leading to an intergenerational cycle of undernutrition (Branca et al. 2015; 
Walker et al. 2015). Lastly, a nutrition education program could be packaged according 
to households’ locations, based on the geographic stratification in this study, because our 
results show that children in certain geographic strata fare better than others. For instance, 
young children in HV-HA have better dietary diversity and reduced probability of 
stunting compared to those in LV-LA, although altitude can increase the prevalence of 
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wasting. This is possibly due to the high concentration of ‘Health-conscious’ households 
in high elevation-high vegetable production density per capita area compared to the low-
lying, low vegetable production density per capita areas. 
5.6 Limitations 
This study has limitations that should be considered. The results are based on cross-
sectional data focusing on rural smallholder households from four districts in Lao Cai 
province. The study sample included a relatively high share (93%) of ethnic minority 
households and, as such, the results are not representative of the general Vietnamese 
population. Further, because of the cross-sectional nature of the data, we are unable to 
capture variations in household behaviour over time.  
The mean dietary diversity scores in Chapter 2 are not comparable with previous 
studies in Vietnam. The dietary diversity score in this study is calculated using the 14 
food groups in the Vietnamese Food Composition Table 2007 edition (Ministry of Health 
& NIN 2007). Other studies have used seven and nine food group classification of the 
FAO (Kennedy et al. 2011) and the WHO Infant and Young Child Feeding (IYCF) 
module (WHO et al. 2010) (e.g. Humphries et al. 2017; Nguyen et al. 2013). 
This thesis also did not adequately address the potential endogeneity problems of the 
main variables of interest (vegetable production diversity, market participation, and the 
four women’s empowerment indicators) due to the absence of strong instruments in 
Chapter 2. Chapter 3 used a relatively small number of observations, preventing the 
analyses to be disaggregated by age group. These limitations, therefore, point to the 
recommendations for further research outlined in the next section. 
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5.7 Further research 
Further research on dietary quality is advised to show how it positively affects child 
nutritional outcomes. Analyses could be improved by conducting micronutrient adequacy 
analysis on all the food items included in the calculation of dietary diversity scores, to 
ascertain if macronutrient and micronutrient adequacies are strong predictors of a child’s 
nutritional outcomes. Similarly, the analyses could be extended by comparing the existing 
dietary diversity indicator with other dietary quality indicators, for instance, the Healthy 
Food Diversity Index (HFD-i) or Food Consumption Score (FCS). The analyses could 
also be extended by using other statistical estimation strategies like the reduced rank 
regression (RRR) to investigate how diet is related to disease risk, or by using different 
food groups based on the limitations mentioned previously to allow comparison with 
other studies. The current definitions of the DDS and vegetable production diversity may 
be too broad, and exploring the use of other count measures that disaggregate vegetables 
into different sub-groups may show better positive associations. This is because the 
number may only be equally important to the type of vegetables cultivated given different 
nutritional characteristics. 
Also, since this study finds a weak association between dietary quality and women’s 
empowerment, further research is encouraged to assess the contributions of women’s 
empowerment on dietary quality using different statistical estimation techniques and 
considering men’s and joint (men’s and women’s) contributions to dietary quality. 
Integrating a gendered analysis of men’s and women’s empowerment may provide more 
meaningful insights on tackling household food security. Further research is also 
encouraged to investigate the quality of maternal care-giving practices in the province 
because this has important implications, especially for stunting outcomes among girls. 
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Analyses could also be extended to show the link between market access and vegetable 
production, exploring the diversity, type, and nutritional characteristics of vegetables 
cultivated as a household gains access to food markets. Further research could also be 
explored to assess if the same results on dietary diversity and child nutritional indicators 
would occur if the household grew more fruit or pulses, among others. Future studies 
could also investigate the barriers to vegetable production in the province. 
Finally, future studies using more observations, and longitudinal or panel data, are 
encouraged to ascertain the causal relationships between smallholder vegetable 
production and children’s nutritional outcomes.  
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A-1 Human Research Ethics 




































A-2 List of study sites 
No District Commune Stratuma Village 
D1 Bac Ha Tả Vạn Chư HV-HA Sử Mần Khang 
Lao Chải 
Nhiều Cồ Ván B 
Pù Chù Ván 
 
 
Thải Giảng Phố HV-LA Sân Bay 2 
Sản Chư Ván 
Ngài Ma 
Sán Sả Hồ 
 
 
Bản Phố HV-LA Làng Mới 
Phéc Bủng 1 
Quán Dìn Ngài 
Kháo Sáo 
  Na Hối HV-HA Na Hối Nùng 
Na Áng A 
Dì Thàng 1 
Dì Thàng 2 
Ngải Thầu 
D2 Sa Pa Sa Pa Town HV-HA 11B 12 
  Tả Giàng Phình HV-HA Suối Thầu 2 





  Trung Chải HV-LA Sín Chải (Xín 
Chải) 
Vù Lùng Sung 
Mống Sến II 
(Mống Xến) 
Chu Lìn 2 
D3 Muong  
Khuong  
Pha Long LV-HA Pao Chải 
Suối Thầu 
Nì Xỉ 4 
Lao Mao Chải 
 
 
Tả Ngải Chồ LV-HA Sừ Ma Tủng B 
Thàng Chư Pến 
Lùng Vùi 
Sín Chải B 
 
 




D4 Si Ma Cai  Thảo Chư Phìn LV-LA Hồ Sáo Chải 
Cẩu Pi Chải 
Sán Chả 
Sín Pao Chải 




  Sán Chải LV-LA Ngài Pản 
Hòa S Pan 
Seo Khai Hóa 
Sín Tần 
 Total 13  51  
Notes: a/ Communes were categorised according to geographic elevation and vegetable density 
per capita. Each commune was coded as either low (=1 if <=1335 meters) or high elevation (=2 
if >1335m) based on the median elevation 1,335 meters. Vegetable density per capita was 
calculated using the population and vegetable area (vegetable density per capita = 
population/vegetable area). Each commune was coded as low (=1 if <=97.57) and high vegetable 
density per capita (=2 if >97.57) based on the median 97.57. Four strata were created (LV-LA, 
LV-HA, HV-LA, and HV-HA), and each commune was categorised to a stratum.  
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A-4 Commune-Village Questionnaire 
This questionnaire was adapted from the Department of Agriculture, Forestry and Fishery 
Statistics – Ministry of Planning and Investment questionnaire (2006). It was used to 
collect secondary information on the communes under study in June 2016 prior to the 
survey implementation in July 2016. The PhD student was assisted by two researchers 
from the local partner institutions: Pham Mai Huong from the International Centre for 




























A-5 Training Manual 
This version is an instruction manual for the paper-based survey questionnaire that was 
finalised in April 2016. Some of the instructions may not apply in the final questionnaire 
(Appendix A-6) after several modifications from the Training of Enumerators in July 


































































































































































A-6 Survey Questionnaire (paper version)  
The paper-based survey questionnaire has 13 modules (or sections) excluding the 
Screener and Cover pages.  
 
Module Description (page nos.) 
Screener  
Cover  
Sec A Household characteristics (pp. 4-5) 
Sec B Consumption (pp. 7-20)  
 24-hour food recall (pp. 8, 17-18) 
 Food Consumption Tables (pp. 9-16) 
 Household Food Insecurity Access Scale (p. 20) 
Sec C Food Choice and Dietary Beliefs (pp. 21-22) 
Sec D Gender (pp. 23-34) 
 Modified Abbreviated-Women’s Empowerment in Agriculture 
(pp. 23-26, 29-32) 
 Gender Dimensions of Household Decision-making Processes 
(pp. 27-28, 33-34) 
Sec E Micronutrient Supplementation, Breastfeeding Practices and 
Maternal Knowledge about Nutrition Information (pp. 35-36) 
Sec F Health Indicators, Access to Clean Water and Sanitation, 
Handwashing Practices, and Lifestyle (pp. 37-39) 
Sec G Other Household Characteristics and Assets (p. 40) 
Sec H Non-farm Expenditure Sources in the Last 12 months (p. 41) 
Sec I Household Income Sources in the Last 12 months (p. 42) 
Sec J Farm Characteristics (pp. 43-44) 
Sec K Crop and Animal Output and Disposal in the Last Cropping Cycle 
(pp. 45-46) 
Sec L Vegetable Input Expenditures in the Last Cropping Cycle (p. 47) 






























































































































A-7 First-stage regression results 
Below are the first-stage coefficients and standard errors of the 3SLS regression models 
















A-8 Copyright permission from NIN 
 
 
